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HENNEGUYA TEGIDIENSIS SP.NOV. (MYXOSPORIDIA), 
FROM THE FRESHWATER FISH COREGONUS CLUPEOIDES 
PENNANTII (THE GWYNIAD) 


By W. L. NICHOLAS anv J. W. JONES 
Department of Zoology, The University of Liverpool 


(With Plate I and 1 Figure in the Text) 


A parasitic protozoan, which we believe to be a previously undescribed species of 
Henneguya Thelophan, 1895, emend. Davis, 1944, is a common cause of disease in 
the freshwater fish Coregonus clupeoides pennantii Cuvier & Valenciennes. C’. pen- 
nantit, known as the gwyniad or white-fish, has only been recorded from Llyn 
Tegid (Lake Bala) and, rarely, the River Dee. Closely related species are found in 
various parts of Europe and North America. 

In the course of a study of the gwyniad by one of us (J. W. J.), swellings were 
found on their bodies, which on closer inspection proved to be myxosporidian cysts, 
which develop in the muscle of infected fish. 


THE CYSTS 


When they first become visible as swellings on the surface of the fish, the cysts are 
spherical and about 2mm. in diameter. They may become much larger, often 
assuming an elliptical form, and have been found measuring up to 2 cm. in length 
and 1 cm. in width. A number of cysts are often present on one fish and may occur 
anywhere in the somatic musculature, but we have not found them elsewhere in 
the fish. Sometimes ruptured cysts have been found, their contents having been 
released into the surrounding tissues, but perhaps this has been the result of rough 
handling the fish received while being removed from the gill-net with which they 
are caught. 

The cysts, which can easily be dissected out from the surrounding tissues (PI. I, 
fig. 1), consist of a fibrous capsule, undoubtedly produced by the fish, lined by 
syncitial protoplasm belonging to the parasite. The syncitium is densely nucleated 
and from it developing pansporoblasts form a distinct zone next to the syncitial 
layer, the more mature pansporoblasts and the spores which develop within them 
moving into the lumen of the cyst as they develop. The lumen of the cyst, which is 
filled with fluid, contains a suspension of mature spores which appears milky to the 
naked eye. Parts of histological sections through cysts are shown in PI. I, figs. 2, 3. 
Earlier stages in the development of the parasite within the fish have not been 
found. 

Similar cysts are produced in the muscles of fish by other species of Henneguya, 
e.g. H. salmonicola, H. zschokkei and H. nonasa (Kudo, 1920). 
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THE SPORE 
As has been the general practice among workers on the Myxosporidia, our descrip- 
tion of the species will depend primarily on the shape and dimensions of the spore. 
In describing the spore the nomenclature used by Kudo (1920) will be followed. 
Other phases in the life-cycle of Henneguya have seldom been described in sufficient 
detail to be of much value in comparing species. 

The spores are typical of the genus Henneguya Thelophan, 1895, as emended by 
Davis, 1944. There are two polar capsules; each shell valve has a posterior filament 
or ‘tail’; the spore is biconvex and compressed parallel to the sutural plane, and 
a vacuole staining with iodine is present. The parasite is histozoic and polysporous. 

Measurements of the spores are given in Table 1. The spores were preserved in 
5 % formalin immediately after removal from the cysts (which may have remained 
unopened in the fish for up to 24 hr. after capture). It is desirable to fix the spore 
because otherwise the cyst’s contents rapidly undergo putrefaction. Like Fish 
(1939), we found that 5°% formalin causes little distortion in the spore, but the 
vacuole no longer stains with iodine after prolonged storage. 


Table 1. Measurements of spores of Henneguya tegidiensis 


(The spores were fixed and measured in 5% formalin.) 


No. of 
Mean S.D. Range spores 
(4) (4) (pH) measured 
Length of spore, measured from 9-8 0-75 8-12 92 
anterior end to X (see Text-fig. 1) 
Breadth of spore 7:8 0-88 7-10 92 
Thickness of spore 6-7 0-47 6-7 30 
Length of polar capsules -— — 4-5 30 
Breadth of polar capsules -—- -= 2-3 30 
Length of longer posterior fila- 38-8 8-8 22-56 92 
ment, measured from tip to X 
Length of shorter posterior fila- 30-2 8-7 11-46 92 
ment, measured from tip to X 
Breadth of gutural ridge -- About 3 — 


The structure of the spore is shown in the accompanying figure (Text-fig. 1) and 
in Pl. I, figs. 4, 5. The spores can be stained by Giemsa’s method, the shell staining 
pale blue and the nuclei and polar capsules very intensively. Most of the spores 
taken from the cyst fail to stain in Ehrlich’s or Heidenhain’s haematoxylin, but a 
small proportion do: in the latter the nuclei stain deeply and the polar capsules 
less strongly. Perhaps the spores lose their permeability to the stain when fully 
ripe. With the exception of the nuclei, and the contents of the polar capsules, the 
structure of the spore can be satisfactorily seen in aqueous mounts of unstained 
spores. We have not been able to see clearly the internal structure of the polar 
capsules but the polar filament, characteristic of the myxosporidian polar capsule. 
appears as a spirally coiled thread of about five turns. 

Kudo (1920) has summarized all the literature of the genus Henneguya up to date. 
and his paper, which includes a description of all the known species, has been most 
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useful in bringing together a very scattered literature. In a later paper by Kudo 
(1933) references are given to all the fifty-two species described up to the time of 
its publication. The later literature has been difficult to cover because it is widely 
scattered, but we have not succeeded in finding descriptions of any species which 
cannot be distinguished from the gwyniad parasite by the shape and dimensions 
of the spore. Most of them can be readily distinguished by the shape of the spore, 










A Polar capsule 


Sutural ridge 


Vacuole 





Suture 





Posterior filaments 







Polar 
capsule nucleus 








Sporoplasm nucleus 





Text-fig. 1. Spores of H. tegidiensis. A and B, as seen unstained and mounted in 5 % formalin. 
C, drawing based on a number of spores which had been stained in haematoxylin to show the 
nuclei. 


but there are a number of species which differ only in minor points. Host-restric- 
tion is well marked in the Myxosporidia, most species being confined to a single 
host species or closely related hosts (Davis, 1917), and it is interesting to note that 
two of the species with similar spores are reported from other European species of 
Coregonus. 

The two species of Henneguya zschokkei (Gurley) Labbe and H. kolesnikovi 
(Gurley) Labbe are re-described and figured by Kudo (1920). They both differ from 
H. tegidiensis in having posterior tail filaments which are not markedly unequal in 

1-2 
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length. The spore of Henneguya kolesnikovi also differs in being pointed anteriorly. 
H. zschokkei has been found in intramuscular cysts of Coregonus fera, C. schinzit, 
C. liemalis and in both muscular and branchial cysts of C. wartmanni nobilis and 
C. exigus albellus, while H. kolesnikovi was found in the thoracic and intercostal 
muscles of Coregonus lavarteus. 

A species in which unequal posterior filaments have been reported is H. salmoni- 
cola Ward (Fish, 1939). This species has been recorded from intramuscular cysts of 
the Pacific salmon Onchorynchus keta (Ward, 1919), O. kisutch, O. gorbuscha and 
O. tschawytscha (Fish, 1939). Its spores are similar in shape and size to those of 
H. tegidiensis, from which they differ in having polar capsules of unequal length. 

The spores of H. salmonis Fantham, Porter & Richardson (1939) also resemble 
those of the gwyniad parasite rather closely, although the spore body is a little 
narrower. They differ, however, in their posterior filaments. In H. salmonis there 
is a short undivided posterior appendage, which bifurcates to give rise to the 
posterior filaments. These may sometimes be slightly unequal in length and may be 
opposed; they do not taper evenly as do those of other species, but become very 
thin at a point about half way along their length. H. salmonis has been recorded 
from a single subcutaneous cyst in an Atlantic salmon, Salmo salar, from Quebec 
Province, Canada. 


Table 2. The incidence of cysts of Henneguya tegidiensis in gwyniad, C. clupeoides 
pennantii, caught with gill-net in Llyn Tegid (Lake Bala) North Wales 


No. of Percentage 
No. of fish fish showing of fish 
Date caught cysts with cysts 
19 July 1955 41 2 4:9 
20 July 1955 110 1 0-9 
11 October 1955 75 1 1:3 
25 October 1955 27 1 3-7 
29 December 1955 119 3 2-5 
17 January 1956 29 2 6-9 
9 March 1956 16 1 6°25 
12 April 1956 21 1 4:8 
24 May 1956 13 1 7-7 
5 July 1956 44 2 4:5 
12 July 1956 ; 6 1 16-6 
14 August 1956 146 3 2-1 
Total 647 19 2-9 


We think that the differences between the spores of the gwyniad parasite and 
those of other described species are sufficient to give this parasite specific status. 
In view of the high level of host-restriction exhibited by most Myxosporidia, the 
differences between the spores of this parasite and other species of Henneguya taken 
from Coregonus, and to a lesser degree from other Salmonidae, are particularly sig- 
nificant. The part of the fish attacked is most important, but not as significant as 
differences in the spores, since the same species may apparently attack different 
parts of the fish, e.g. H. zschokkei (see above). The type of lesion produced is not 
very helpful because similar intramuscular cysts, as noted above, are produced by 
a number of species of Henneguya. 
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Since its host, C’. clupeoides pennantii has a very restricted geographical distri- 
bution, it is perhaps appropriate to name the parasite after the lake in which it 
was found. We therefore propose to call it Henneguya tegidiensis sp.nov. 

Many Myxosporidia are seasonal in their appearance (Davis, 1917), but we have 
found no signs of seasonal changes in the incidence of visible cysts in the fish (see 
Table 2). None of the other species of fish which have been caught in the lake have 
shown signs of infection. Those which have been caught in numbers are: salmon 
parr (Salmo salar), trout (S. trutta), grayling (Thymallus thymallus), perch (Perca 
fluviatilis), roach (Rutilus rutilus), eel (Anguilla anguilla), gudgeon (Gobio gobio), 
and pike (sox lucius). 


SUMMARY 


A description is given of a new species of Henneguya (Myxosporidia), named 
H. tegidiensis sp.nov. It is parasitic in the freshwater fish, Coregonus clupeoides 
pennantii, from Lake Bala (North Wales), producing in it intramuscular cysts. 


We wish to thank the Welsh Land Sub-Commission for permission to net the 
Gwyniad, and Capt. G. H. A. Boyle for his assistance in the netting operation. 
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EXPLANATION OF PLATE I 
Fig. 1. Cysts of Henneguya tegidiensis dissected out from the somatic musculature of the fish 
Coregonus clupeoides pennantii. 


Fig. 2. Part of a section through a cyst of H. tegidiensis, stained in haematoxylin and eosin, 
x 750. At the bottom of the section part of the fibrous capsule with two fibroblast nuclei can 
be seen. Lining the capsule there is a heavily nucleated syncitial layer of parasite protoplasm 
from which developing pansporoblasts are proliferating. Developing and mature spores on 
the right of the section fill the lumen of the cyst. 

Fig. 3. A similar section through a cyst of H. tegidiensis, x 375, which includes some of the 
surrounding fish muscles. 

Figs. 4, 5. Spores of H. tegidiensis mounted in glycerine jelly, x 750. 


(Photographs by W. Irvine) 


(MS. received for publication 4. x1. 1958.—Ed.) 
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A REVISION OF THE HYPOASPID MITES ASSOCIATED WITH 
MYRIAPODA WITH DESCRIPTIONS OF THREE NEW SPECIES 
OF THE SUBGENUS JULOLAELAPS BERL. 
(ACARINA: LAELAPTIDAE) 


By P. A. J. RYKE 


Department of Zoology, Potchefstroom University for C.H.E.., 
Potchefstroom, South Africa 


(With 39 Figures in the Text) 


The paraphages of Myriapoda belonging to the family Laelaptidae were recently 
reviewed by Evans (1955). In his paper the author demonstrated the modifications 
which certain structures undergo during the process of ‘adaptation’ to a symbiotic 
mode of life. These are illustrated by reduction which ‘may occur in the sclerotiza- 
tion and chaetotaxy of the body, dentition and size of the digits of the chelicerae, 
chaetotaxy of the gnathosoma and pedipalps, peritreme and peritrematal plate 
and the ambulacral apparatus’. A study of the new species described below 
further corroborates these conclusions. It also draws attention to the fact that 
we must modify our present generic concept of certain members of the group. 

The discovery of three new species, new synonymy and the addition of the 
genera Scissuralaelaps Womersley and Iphiolaelaps Wom. to the list of laelaptid 
genera symbiotic on Myriapoda, necessitates a modification of the key given by 
Evans (1955). Julolaelaps is regarded by the present author as a subgenus of the 
genus Hypoaspis. A key to the species of this subgenus is given in the text. A list 
of the known genera and species occurring on millipedes is given at the end of 
the paper. The author is indebted to Dr G. O. Evans of the Department of Zoology, 
British Museum (Nat. Hist.), London, for valuable suggestions and for placing the 
material on which this paper is based at his disposal. 


The type material is deposited in the collections of the British Museum (Nat. 
Hist.), London. 


Revised key to the genera and subgenera of laelaptid 
paraphages of Myriapoda 


1. Sternal shield divided longitudinally 2 
— Sternal shield entire, sclerotized or unsclerotized 3 
2. Stigma without peritreme. Iphiolaelaps Wom. 
— Peritreme normal, extending anterior to coxa II. Scissuralaelaps Wom. 


3. Claws on leg I absent (or vestigial?), claws on legs II-IV normal; peritreme reduced. 
Iphiopsis Berl. 


— Claws on all legs either normal, absent or vestigial. 4 
4. Only three pairs of gnathosomal setae present. 5 
— Gnathosomal setae normal (4 pairs). (Hypoaspis s.lat. Can.) 7 


5. Dorsal shield not completely covering the dorsum of the mite; sternal shield strongly 
sclerotized; gnathosoma without external posterior rostral setae; anal shield with 
two setae. 
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5. Dorsal shield completely covering the dorsum of the mite; without sclerotized sternal 
shield; gnathosoma without capitular setae; three setae on anal shield 
Scolopendracarus Evans 
6. Genital shield markedly reduced, barely extending beyond the posterior margin of 
coxae IV; peritreme absent. Jacobsonia s.str. Berl. 
— Genital shield well developed, extending almost to the anal shield; peritreme present 
but reduced and extending only to the posterior margin of coxae ITI. 
Jacobsonia (Parajacobsonia) Evans 
7. Claws on all legs relatively well developed; peritreme normal, extending beyond 
coxae I; chelicerae of males chelate-dentate. 8 
— Claws on all legs vestigial (or absent?); dorsal shield not completely covering the 
dorsum in females; peritreme reaching beyond middle of coxae III; both digits of 
chelicerae of males reduced to slender processes without teeth; spermatophoral 
process long. Hypoaspis (Julolaelaps) Berl. 
8. A pair of long, whip-like setae situated posteriorly on the dorsal shield. 
Hypoaspis (Coleolaelaps) Berl. 
— Dorsal shield without these long whip-like setae on the dorsum. 
Hypoaspis (Hypoaspis) Can. 


Genus Hypoaspis Canestrini 1885 s.lat. 
The characters of the genus were discussed by Evans (1955). Species of three 
subgenera of Hypoaspis, namely Hypoaspis Can., Coleolaelaps Berl. and Julolaelaps 
Berl. have been collected off Myriapoda. 


Subgenus Hypoaspis Can. 


After a careful study of the descriptions and figures of Hypoaspis (Hypoaspis) 
sptrostrepti Oudms, 1914, given by Oudemans (1915) and Vitzthum (1921) it is 
evident that this species belongs to the subgenus Julolaelaps and that J. rotundatus 
Berl. is probably a synonym of it. The species Hypoaspis (Hypoaspis) indicus 
Vitzthum, 1921, agrees with the description given by Berlese (1916) of Julolaelaps 
luctator and is synonymous with the latter. The only true species of the subgenus 
Hypoaspis found associated with Myriapoda is Hypoaspis (Hypoaspis) polydes- 
moides Evans, 1955. In this species the peritreme reaches anterior to coxa I, the 
claws on all legs are relatively well developed and the digits of the male chelicerae 
are chelate-dentate. 


Subgenus Coleoluelaps Berl. 


The subgenus Coleolaelaps is also represented by only one species, Hypoaspis 
(Coleolaelaps) amazon Berl., 1920. The type specimen was figured by Dr G. O. Evans 
in Florence (Berlese collection) and the figures are reproduced here (Figs. 1-3). 
Apart from the pair of long, whip-like setae (Fig. 1) this species is also charac- 
terized by strong spines on the legs with long setae on the metatarsus. The tips 
of the corniculi are bifurcate (Fig. 2). The venter of this species (Fig. 3) is typically 
hypoaspid. The sternal shield bears the usual three pairs of setae; the metasternal 
setae are situated on the integument; the genital shield is flask-shaped and pro- 
vided with one pair of setae; the para-anal setae are situated in a line with the 
posterior margin of the anal opening; the peritreme reaches anteriorly beyond 
coxa I; the peritrematal plate is produced behind the stigma; all the setae on the 
venter are relatively long. 
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Subgenus Julolaelaps Berl. (type: Julolaelaps dispar Berl., 1916) 

The ‘genus’ Julolaelaps was defined by Berlese as having the characters of 
Hypoaspis but the body is robust, more heavily sclerotized and the claws are } 
absent on all the legs. Careful examination of the ambulacra, however, shows that 
in most (if not all) species small claws are present. These are probably functionless. 
It is also interesting to note that in the species studied by the present author the 


Dm fF. &s = «A 6 





Figs. 1-3. Hypoaspis (Coleolaelaps) amazon Berl., female. Fig. 1. Dorsum. 
Fig. 2. Tip of corniculus. Fig. 3. Venter. é 


claws or claw remnants are relatively most prominent on leg I and the least 
prominent on leg IV. The fact that the claws seldom protrude from the pulvilli, 1 
together with the fact that the specimens of Berlese were probably mounted in 
balsam, may well be the reason why they were overlooked. , 

The dorsal shield does not completely cover the dorsum of the females and is 
surrounded by a pseudomarginal shield. The peritreme is usually shorter than those 
in other subgenera of Hypoaspis. The males can readily be recognized by the 
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absence of chelate-dentate chelicerae; the digits are reduced to slender processes 
without teeth and the movable digit bears a long spermatophoral process. The 
males probably do not feed. The venter may be covered by a sterniti-genital shield 
and an anal shield or, as in the majority of species, by a holoventral shield. The 
dorsum may be partly or entirely covered by the dorsal shield. The specialized 
seta on the pedipalp of both sexes is two-pronged. 


Key to the species of Julolaelaps (females) 


1. Breadth of genital shield considerably less than that of anal shield; majority of the 
dorsal setae minute. 2 
— Breadth of genital shield equal to or greater than that of anal shield. 4 
2. Diameter of metapodal shields approximately the same as breadth of genital shield. 
H. (Julolaelaps) luctator Berl. 
— Diameter of metapodal shields considerably less than breadth of genital shield. 3 
3. Peritreme extending to anterior margin of coxa II. 
H. (Julolaelaps) myriapodalis sp.nov. 
— Peritreme extending to anterior margin of coxa III. 
H. (Julolaelaps) peritremalis sp.nov. 
4. Anal shield considerably longer than broad; para-anal setae situated in a line with 


anterior margin of anal opening. H. (Julolaelaps) dispar Berl. 
— Anal shield slightly longer than broad; para-anal setae in line with posterior margin 

of anus. 5 
5. Three setae on anal shield approximately of equal length; dorsal shield with 30 pairs 

of setae. H. (Julolaelaps) spirostrepti (Oudms) 
— Post-anal seta relatively well developed, para-anals small; dorsal shield with 40 pairs 

of setae. H. (Julolaelaps) pararotundatus sp.nov. 


Hypoaspis (Julolaelaps) peritremalis sp.nov. 
Female 

The idiosoma of the older female is strongly sclerotized, whereas the sclerotiza- 
tion of the young female resembles the nymphs. The young females can also easily 
be recognized by their smaller size. 

Dimensions. Adult female: length, 660; breadth, 396. Young female: length, 
594; breadth, 320y. 

It is, however, striking that the shields on the dorsum and venter do not increase 
in size to the same extent as the softer parts of the body. The shape of the body 
of the young females, tapering posteriorly, is similar to that of the males. 

Dorsum. The dorsal shield (length, 550) bears 17 pairs of short simple setae 
(Fig. 4). Unlike other species of the genus, the vertical setae are short. In the 
adult females the dorsal shield is surrounded by a sclerotized pseudomarginal 
shield bearing simple setae as shown in Fig. 4. 

Venter (Fig. 5). The sternal shield has a slightly convex anterior margin. The 
usual three pairs of setae and two pairs of pores are present. The genital shield 
(breadth, 44), bearing a pair of setae, is small and resembles the condition in 
Julolaelaps luctator Berl. and J. myriapodalis sp.nov. The metasternal setae are 
situated on the integument; metasternal shields are absent. The metapodal shields 
are small and oval-shaped. The interscutal membrane on the venter (excluding the 
lateral sides) is provided with six pairs of setae. The anal shield (length, 88; 





Figs. 4-9. Hypoaspis (Julolaelaps) peritremalis sp.nov., female. Fig. 4. Dorsum. Fig. 5. 
Venter. Fig. 6. Gnathosoma. Fig. 7. Chelicera. Fig. 8. Tectum. Fig. 9. Ambulacrum, leg I. 
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breadth, 77) has a more or less triangular shape. The para-anal setae are situated 
in a line with the anterior margin of the anal opening. The tritosternum has two 
finely ciliated laciniae which are almost twice the length of the base. The peritreme 
and peritrematal shield are reduced in comparison with the other species of 
Julolaelaps. The stigma is situated in a line between coxae III and IV and the 
peritreme reaches anteriorly to the front margin of coxa III. 

Gnathosoma (Fig. 6). The usual four pairs of gnathosomal setae are present, of 
which the external posterior rostrals are the shortest. Seven rows of teeth can 
be distinguished in the ventral groove. The corniculi extend beyond the middle 
of the palp femur. The ligula is prominent and reaches far anteriorly. The chaeto- 
taxy of the palp trochanter, femur and genu is normal (2-5-6). The specialized 
seta on the palp tarsus is two-pronged. The chelicerae (Fig. 7) are dentate, the 
fixed digit bearing three to four teeth and a small pilus dentilis. The movable digit 
is bidentate. The tectum (Fig. 8) is hyaline and is produced into a point anteriorly. 
The edges of the tectum are not smooth. 

Legs. All the legs terminate in a pulvillus with vestigial claws. Those on leg I 
(Fig. 9) are more strongly developed than the others. It is sometimes necessary 
to orientate the ambulacra to be able to see the claws—especially the very small 
claws on leg IV. It is obvious that the pulvilli are used to adhere to the host 
animal and that the claws are vestigial. The setae on the legs are simple, those on 
tarsus I being the longest. The anterior dorsal part of femur III and IV each 
bear a strongly developed seta. 


Male 


Dimensions. Length, 583; breadth, 385. 

The shape of the male is approximately the same as that of a young female. 
The venter is illustrated in Fig. 10. It differs from other known males of the sub- 
genus in not having a holoventral shield. The sterniti-genital shield bears five pairs 
of setae. The anal shield resembles that of the female. The distribution of the 
setae on the venter is illustrated in the figure. The chaetotaxy of the dorsum is 
essentially the same as that of the young females. 

The gnathosoma is the same as that of the female except for the chelicerae. 
The ‘digits’ are without teeth and the ‘movable digit’ bears a large spermatophoral 
process (Fig. 11). The legs of the male differ from those of the female in the stronger 
development of the setae, many of which are spine-like (Fig. 10). The most 
conspicuous spines are two on the ventral side of femur IV. 


Protonymph (Fig. 12) 

Dimensions. Length, 440; breadth, 275. 

A striking feature of the venter of the protonymph is the presence of only three 
pairs of setae in the intercoxal region. The distribution of the setae is shown in 
the figure. The dorsal chaetotaxy is essentially the same as that of the adults. 
The dorsal shield does not cover the entire dorsum. The peritrematal shield and the 
peritreme are relatively shorter than those of the adults and the claws on the legs 
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are more prominent (Fig. 13). The chaetotaxy on the trochanter, femur and genu 
of the palp is 1-4-5 (see Evans, 1957, p. 215). 

Host and locality. Four females, two males and one protonymph off a spiro- 
streptid, West Africa. Collected by E. A. J. Duffy. 





Figs. 10-13. Hypoaspis (Julolaelaps) peritremalis sp.nov. Fig. 10. Venter, male. Fig. 11. 
Spermatophoral process on movable digit of chelicera, male. Fig. 12. Venter, protonymph. 
Fig. 13. Ambulacrum, leg I, protonymph. 


Hypoaspis (Julolaelaps) myriapodalis sp.nov. 


This species is well sclerotized in the adult stage. As in the previous species the 
older adults have a larger and more heavily sclerotized body than the young adults. 
The shields, however, are of the same dimensions. 
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Female 

Dimensions. Old adult: length, 924”; breadth, 583. Young adult: length, 
7374; breadth, 440y. 

The venter (Fig. 14) closely resembles that of J. peritremalis and J. luctator. 

It can, however, easily be distinguished from the former species by the longer 
peritreme which reaches anteriorly to the front margin of coxa II. The new species 
can be separated from J. luctator by the presence of small metapodal shields. 
_ The posterior margin of the sternal shield is concave. The genital shield (breadth, 
66) is long and narrow as in the above-mentioned species. The triangular- 
shaped anal shield (length, 110; breadth, 100) has a strongly sclerotized lateral 
and anterior margin. The para-anal setae are situated in a line with the anterior 
margin of the anus. The chaetotaxy of the venter is illustrated in the figure. The 
tritosternum is normal. 

Dorsum (Fig. 15). The dorsal shield (length, 715) bears twenty pairs of setae, 
the majority of which are minute. The vertical setae are relatively long and 
conspicuous. Four pairs of setae on the margin of the shield have large setal bases. 
These setae are longer than the others (excluding the verticals). The pseudo- 
marginal shield is well sclerotized in the ‘old’ female. The distribution of the 
setae is shown in the figure. 

Gnathosoma (Fig. 16). The capitular setae are the longest of the four pairs of 
gnathosomal setae. The ventral groove is provided with six rows of teeth. Both 
digits of the chelicerae (Fig. 17) are bidentate. The fixed digit bears a pilus dentilis. 
The hyaline tectum (Fig. 18) has a median pointed mucro. The margin is incised 
so that the tectum is divided into small lobules. 

Legs. The legs each bear a pulvillus with small claws, those on leg I (Fig. 19) 
being the stronger. The claws on the other legs (Fig. 20) are small. All the claws, 
however, are vestigial. The setae are simple except for a spine-like seta on each of 
femurs II-IV. A few other setae are strongly developed but are not actually spinose. 


Male 


Dimensions. Length, 759”; breadth, 495. 

The chaetotaxy of the dorsum is essentially the same as that of the female. 
The dorsal plate covers the entire dorsum. A striking difference, however, is that 
the submarginal setae are not as short as in the female but are about the length of 
the vertical setae. The latter are relatively longer than those of the female. The 
setae on the ventral interscutal membrane are longer. The male has a holoventral 
shield (Fig. 21). The shield is provided with eight pairs of simple setae in addition 
to the three anal setae. Other features of the venter are as in the female. 

The general structure of the gnathosoma is the same as that of the female. The 
digits of the chelicerae are reduced to slender processes (Fig. 22) without teeth. 
The spermatophoral process is long and incurved. The legs are provided with 
stronger setae than those of the female. Some of these tend to be spine-like 
(Fig. 23). Leg IV (Fig. 24) bears a few relatively long setae on its tarsus. In the 
female the corresponding setae are short. 
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Figs. 14-20. Hypoaspis (Julolaelaps) myriapodalis sp.nov., female. Fig. 14. Venter. Fig. 15. 
Dorsum. Fig. 16. Gnathosoma. Fig. 17. Chelicera. Fig. 18. Tectum. Fig. 19. Ambulacrum, de 
leg I. Fig. 20. Ambulacrum, leg ITI. 
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Deutonymph (Fig. 25) 

Dimensions. Length, 759; breadth, 495y. 

These are the measurements of the largest of the two deutonymphs. The inter- 
coxal region is provided with ten setae of which seven are situated on the ‘sternal’ 
shield. In both specimens one seta IV is off the shield. The distribution of the 





Figs. 21-25. Hypoaspis (Julolaelaps) myriapodalis sp.nov. Fig. 21. Venter, male. Fig. 22. 
Chelicera, male. Fig. 23. Leg II, male. Fig. 24. Leg IV, male. Fig. 25. Venter, deutonymph. 


setae on the venter is illustrated in the figure. The vertical setae are short, but the 
marginal setae on the dorsum are long. All the legs are provided with small claws 
developed to about the same degree as those of the adults. The chaetotaxy of the 
palp trochanter, femur and genu is the same as that of the adults. 

Host and locality. Off spirostreptid among bananas imported from West Africa; 
seven females, three males and two deutonymphs. 
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Hypoaspis (Julolaelaps) pararotundatus sp.nov. 


This is the largest of the three new species and can readily be separated from the 
other two by the presence of a large genital shield. The old adults are very well 
sclerotized. 


Female 


Dimensions. Old adult: length, 11774; breadth, 7704. Young adult: length, 
1056; breadth, 627. 

Venter (Fig. 26). The venter shows a marked resemblance to J. spirostrepti 
(Oudms). The reticulated sternal shield is broader than long and bears three pairs 
of setae and two pairs of conspicuous pores. The metasternal setae are situated 
on the integument. The membrane anterior to the sternal shield is sclerotized but 
does not form a pre-endopodal plate as in J. spirostrepti. The genital shield is 
broader (breadth, 170) than the anal shield (breadth, 150). The latter tapers more 
posteriorly than in J. spirostrepti. The para-anal setae are situated in a line with 
the posterior margin of the anus. The metapodal plates are represented by a 
larger and a smaller one on each side. The genital shield is flanked by two pairs of 
setae and two pairs of minute platelets. The anterior pair of setae are absent in 
the drawing of Oudemans. The distribution of the setae on the venter is illustrated 
in the figure. The stigma is situated between coxae ITI and IV and the peritrematal 
shield is produced slightly behind the former. Anteriorly the peritreme extends 
to the anterior margin of coxa II. The two laciniae of the tritosternum are finely 
setose. 

Dorsum (Fig. 27). The reticulated dorsal shield (length 1012) bears 40 pairs of 
setae, whereas Oudemans gives 30 pairs for J. spirostrepti. Most of the setae are 
short and simple. Exceptions are the long verticals and the posterior pair on the 
shield. The pseudomarginal shield is very well sclerotized in the old adult and 
bears eleven pairs of setae. The strip of transparent interscutal membrane bordering 
it laterally is provided with 12-13 pairs of simple setae. The chaetotaxy of the 
dorsum and the distribution of the pores are illustrated in the figure. 

Gnathosoma (Fig. 28). Very similar to that of other species described. The 
gnathosomal setae are relatively well developed and of approximate equal length. 
The ventral groove has six rows of teeth. The ligula is as prominent as in the 
other species. The movable digit of the chelicera (Fig. 29) is bidentate and 
the fixed digit has one large tooth and a few minute ones at the tip. The pilus 
dentilis is prominent. The specialized seta on the palp tarsus is two-pronged. 
Distally the tarsus is provided with a slender sickle-shaped seta. The tectum 
(Fig. 30) is hyaline as in the other species and shows three lobes anteriorly as in 
J. spirostrepti. 

Legs. The legs are provided with pulvilli and small claws which are better 
developed on leg I (Fig. 31). The antero-dorsal surface of femurs II-IV each bear 
a strongly developed seta, the one on femur IV being the strongest. 
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Figs. 26-31. Hypoaspis (Julolaelaps) pararotundatus sp.nov., female. Fig. 26. Venter. 
Fig. 27. Dorsum. Fig. 28. Gnathosoma. Fig. 29. Chelicera. Fig. 30. Tectum. Fig. 31. 
Ambulacrum leg I. 
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Figs. 32-6. Hypoaspis (Julolaelaps) pararotundatus sp-nov. Fig. 32. Venter, male. Fig. 33. 
Fig. 36. Venter, 


Dorsum, male. 
deutonymph. 
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Fig. 34. Tectum, male. 





Fig. 35. Chelicera, male. 
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Male 


Dimensions. Length, 880; breadth, 484y. 

The holoventral shield (Fig. 32) is reticulated and bears ten pairs of setae in 
addition to the three anal setae. The shield is broad behind coxae IV and then 
gradually tapers posteriorly. As in the female the region between the anterior 
margin of the shield and the base of the sternum is sclerotized. The chaetotaxy of 
the ventral interscutal membrane is shown in the figure. The reticulated dorsal 
shield covers the entire dorsum. The setae are much longer than in the female. 
Their distribution is illustrated in Fig. 33. The tectum (Fig. 34) of the male is 
essentially the same as in the female, but the anterior lobes are not distinctive. 
The typical chelicerae of Julolaelaps are present (Fig. 35). The digits are reduced 
to toothless processes. The spermatophoral process is not as long as in J. myria- 
podalis. In addition to these structures the proximal part of the spermatophoral 
process is covered by a transparent leaf-like membranous structure. The legs are 
unarmed and similar to those of the female. 


Deutonymph 


Dimensions. Length, 847; breadth, 495. 

The dorsum of the deutonymph resembles more closely that of the male than 
the female. The setae are even longer than those of the male. The dorsal shield is 
faintly reticulated and does not cover the entire dorsum. The chaetotactic pattern 
is the same as that of the female. 

The venter (Fig. 36) is covered by a ‘sternal’ shield, bearing four pairs of setae 
and an anal shield with a prominent post-anal seta. The area in front of the sternal 
shield is slightly sclerotized. The metapodal shields are similar to those of the 
female. The distribution of the setae on the venter is shown in the figure. The 
gnathosoma and the chaetotaxy of the palp is normal. The tectum has three 
distinct lobes anteriorly. The claws on the legs are more prominent than in the 
adults. 

Host and locality. Four females, seven males and one deutonymph off a spiro- 
streptid, Pemba, West Africa. 


Hypoaspis (Julolaelaps) dispar Berl., 1916 


Berlese (1916) gave brief descriptions of the female and male but no figures. 
The only figures available are the diagrammatic sketches in Berlese’s notebook. 
These are reproduced in Figs. 37-39. The drawing of the venter of the female 
(Fig. 37) shows the genital shield wider than the anal shield. The latter is charac- 
teristic in that it is long and narrow. The dimensions given by Berlese are: length, 
1500; breadth, 1000. The male is unarmed and smaller than the female (1120 x 
650). The venter is covered by a holoventral shield (Fig. 38). The chelicerae are 
typical of the subgenus as shown in Fig. 39. 

Host and locality. On julid, Italian Somaliland (Goriei). 


bo 


bo 
: 








20 P. A. J. RYKE 


Hypoaspis (Julolaelaps) luctator Berl., 1916 
Syn.: Hypoaspis indicus Vitzth., 1921. 

This species was adequately described by Vitzthum (1921). Berlese’s description 
agrees with the description given by Vitzthum for Hypoaspis indicus and is thus 
considered a synonym of the former. This species can be readily recognized by the 
large metapodal shields and the strong spines and spurs on the legs. Vitzthum also 





Figs. 37-39. Hypoaspis (Julolaelaps) dispar Berl. (based on Berlese’s notebook). Fig. 37. 
Venter, female. Fig. 38. Holoventral shield, male. Fig. 39. Chelicera, male. 


described and figured the male. Unfortunately he was unable to describe the 
chelicerae but it can be assumed that this species has the characteristic male 
chelicerae with the long spermatophoral process. He stated the following: ‘Die 
Mandibulae konnten nicht herausprapariert werden. Sicher ist, dass sie sehr denen 
von Hypoaspis Krameri Canestrini 3 ahneln, namentlich in Bezug auf den sehr 
langen, hakenfoérmigen Anhang am Digitus mobilis’ (Vitzthum, 1921, p. 21). The 
author made no mention of the degree of development of the claws on the legs. 

Hosts and localities. Berlese’s specimen was found on a julid, Italian Somaliland 
(Goriei and E] Ualae). Vitzthum’s specimens were found on Spirostreptus sp. from 
India. 

Hypoaspis (Julolaelaps) spirostrepti (Oudms) 1914 
Syn.: Julolaelaps rotundatus Berl. 1916. 

This species was described by Oudemans (1914). In 1915 he gave a more 
detailed description and figures of the female. Vitzthum (1921) described the male. 
Judging from a figure of a badly damaged specimen of J. rotundatus made by 
Dr G. O. Evans, this species is a synonym of J. spirostrepti. The venter of this 





spec 
dors 
nor 
shie! 
Vitz 
thes 
H 
(El 
Vitz 


W 
like. 
with 
sepa 
only 
Male 
spin 
spec 


Scis: 
Py 
in fe 
H 


‘Iph 
shiel 
long 
corr 
shie] 
shiel 
behi 
irreg 
tran 
fixec 


Iphi 


base 
the |] 
H 


on 
us 
he 
so 


7. 











Hypoaspid mites associated with Myriapoda 21 


species resembles that of J. pararotundatus sp.nov. According to Oudemans the 
dorsal shield of the female is provided with 30 pairs of setae. Neither Oudemans 
nor Vitzthum mention the claws in their descriptions. The male has a holoventral 
shield and the shield covers the entire dorsum. As regards the male chelicerae, 
Vitzthum stated that he could not study the gnathosoma. It can be assumed that 
these structures are typical. 

Hosts and localities. Berlese’s specimen was found on a julid, Italian Somaliland 
(El Ualae). Oudemans found his on Spirostreptus sp., German East Africa. 
Vitzthum’s specimen on Spirostreptus sp., India. 


Genus Scissuralaelaps Womersley, 1945 


Womersley (1945, p. 225) gave the following characters for the genus : ‘ Hypoaspis- 
like. Lightly chitinized with moderately long to short fine dorsal setae. Female 
with sternal shield divided longitudinally, ventral shield fused with genital, widely 
separated from anal. Pre-endopodal shields present or absent. Metasternal shields 
only represented by seta and pore. Dorsal shield entire, not entirely covering body. 
Male with sternal, genito-ventral and [anal] shields coalesced. Legs without strong 
spines or processes. Mandible with process on movable finger of chelicerae.’ Two 
species of this genus are known but only the type species was found on millipedes. 


Scissuralaelaps nova-guinea Wom., 1945 


Pre-endopodal shields present. Sternal shield completely divided longitudinally 
in female. Chelicerae in male dentate. Peritreme relatively long. 
Host and locality. Off a millipede on orchids, New Guinea. 


Genus Iphiolaelaps Womersley, 1956 


The characters of the genus given by Womersley (1956, p. 541) are the following: 
‘Iphiopsidae, with all tarsi with carucles but without claws. Female pre-endopodal 
shields of coxae I, II, and III fused on each side to form the separated halves of the 
longitudinally divided sternal shield, each half furnished with three setae and the 
corresponding pores; metasternal shields only represented by the setae; genital 
shield, small, drop-like and fringed anteriorly, with one pair of setae; ventral 
shield wanting; anal small with three setae; a small metapodal shield on each side, 
behind coxae IV. Male: sterno-genital shield with five pairs of setae, posterior end 
irregularly rounded on level with posterior margin of coxae IV, behind with four 
transverse lenticular scutelets. Chelicerae with movable finger much longer than 
fixed finger and with even longer spermatophore carrier. Legs unarmed.’ 


Iphiolaelaps myriapoda Wom., 1956. 


The type and only known species of the genus. The generic characters were 
based on this species. The presence of a stigma without peritreme can be added to 
the list. 

Host and locality. From millipedes, Mt. Lamington, Queensland, Australia. 
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List of laelaptid paraphages of Myriapoda 
Jacobsonia (Jacobsonia) submollis Berl., 1910 
Jacobsonia (Jacobsonia) minor Berl., 1910 
Jacobsonia (Jacobsonia) audyi Evans, 1955 
Jacobsonia (Parajacobsonia) tertia Vitzth., 1931 
Scolopendracarus brevipilis Evans, 1955 
Iphiopsis miriabilis Berl., 1882. 

Scissuralaelaps nova-guinea Wom., 1945 
Iphiolaelaps myriapoda Wom., 1956 

Hypoaspis (Hypoaspis) polydesmoides Evans, 1955 
Hypoaspis (Coleolaelaps) amazon Berl., 1920 
Hypoaspis (Julolaelaps) dispar Berl., 1916 
Hypoaspis (Julolaelaps) luctator Berl., 1916 
Hypoaspis (Julolaelaps) spirostrepti (Oudms), 1914 
Hypoaspis (Julolaelaps) peritremalis sp.nov. 
Hypoaspis (Julolaelaps) myriapodalis sp.nov. 
Hypoaspis (Julolaelaps) pararotundatus sp.nov. 


SUMMARY 


1. A key to the laelaptid paraphages of Myriapoda is given. 

2. Hypoaspis (Hypoaspis) spirostrepti Oudms is transferred to the subgenus 
Jululaelaps. J. rotundatus Berl. is regarded as a synonym of this species. 

3. Hypoaspis (Hypoaspis) indicus Vitzth. is regarded as a synonym of Julo- 
laelaps luctator Berl. 

4. Hypoaspis (Coleolaelaps) amazon is figured. 

5. The subgenus Julolaelaps is defined and a key given to the species. The 
type species is figured. 

6. Three new species are described, namely Hypoaspis (Julolaelaps) peritremalis, 
H. (J.) myriapodalis and H. (J.) pararotundatus. 

7. A list of all the known species of Laelaptidae occurring on millipedes is given. 
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STUDIES ON PARASITIC WORMS OF SHEEP IN SCOTLAND 


I. EMBRYONIC AND LARVAL DEVELOPMENT OF HAEMONCHUS 
CONTORTUS AT CONSTANT CONDITIONS 


By PAUL H. SILVERMAN* ann J. ALLAN CAMPBELL 
Parasitology Department, Moredun Institute, Edinburgh 


(With 2 Figures in the Text) 


Most of the work on the biology of the sheep stomach worm, Haemonchus contortus, 
has been done in South Africa, the Southern United States and Australia, under 
climatic conditions different from those which obtain in Britain. Nevertheless, 
these findings have been applied in this country, in the design of rotational grazing 
systems, to avoid outbreaks of parasitic gastro-enteritis. 

A priori, it might be expected that the temperature relations of development, 
and the developmental thresholds of nematodes are not the same in Britain as in 
subtropical or warm-temperate regions. It was desirable, therefore, to determine 
how far existing information was applicable to British conditions. 

The present paper is concerned with some laboratory studies on the factors 
affecting the free-living stages of H. contortus and includes the results of some 
parallel observations on the eggs and larvae of Ostertagia spp., Trichostrongylus 
spp., and Oesophagostomum venulosum. 

Ransom (1906), working in the U.S.A., reported that some eggs of H. contortus 
in cultures of faeces, when kept at a temperature of 16—20° C., hatched within 2 days, 
while others in the same culture did not hatch until a week had elapsed. He found 
that eggs showed little resistance to the adverse effects of drying or freezing, 
although in 1907 he stated that: ‘If the temperature is above 40—50° F. [4-4—10°C.] 
the eggs hatch out requiring from a few hours to 2 weeks, according as the 
temperature is high or low. When the temperature is below 40° F. the eggs remain 
dormant, and in this condition may retain their viability for 2 or 3 months, 
afterwards hatching out if the weather becomes warmer.’ 

Ransom also reported that infective larvae appear in a faecal culture ‘in three 
to four days...if the temperature remains constant at about 95° F. [35° C.]’.7 At 
21° C., 6-14 days are required and at an average of 10° C. (fluctuating between 
7-8° and 14° C.), 3-4 weeks are necessary for the eggs to hatch and the larvae to 
develop to the infective stage. 

Veglia (1915), in South Africa, prepared cultures of H. contortus eggs by 
comminuting, washing and sieving infected faeces and collecting the sediment for 
incubation. At temperatures ranging from 26° to 35° C. he found that the majority of 
eggs hatched within 14—24 hr., while at uncontrolled temperatures between 15° and 
18° C. embryonation and hatching took place in about 50 % of the eggs after 4 days. 


* Present address of Dr P. H. Silverman: Veterinary Research Division, Allen & 
Hanburys Ltd, Ware, Hertfordshire. 
+ Our italics. 
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Veglia identified 40° C. as the upper temperature limit of larval development. 
At 37° C. development was rapid but accompanied by a very high mortality. He 
considered 35° C. to be within the ‘normal’ temperature range for larval develop- 
ment: migration of third-stage larvae up the side of the culture jar began on the 
fourth day. Between 35° and 22° C. which Veglia regarded as ‘ well-defined limits’ 
larvae ‘can grow without showing any marked variations’. The few observations 
made below 22° C. suggested that development required 6 days at 18° C., 8 days 
at 15° C. and 18-21 days at 8° C. 

Clunies Ross & Gordon (1936), quoting unpublished observations by Kauzal in 
Australia, reported that H. contortus ‘eggs develop best at temperatures of 25—30° C. 
(75-85° F.), and that development is slowed progressively by lower temperatures, 
and checked altogether at continuous temperatures of 5° C. (41° F.), at which the 
eggs die after periods of from 4 to 6 days’. At 25-30° C. the infective larval stage 
is reached in four to five days. 

Shorb (1943, 1944), in the U.S.A., reported that no development took place in 
cultures kept at temperatures below 13° C., although a few eggs ‘survived’ at 
these temperatures for as long as 4 weeks. Shorb prepared his cultures of H. con- 
tortus eggs by ‘ pulverizing’ faecal pellets and thoroughly mixing the resultant mass. 

Dinaburg (1944), apparently working with the same strain, made observations 
on the rate of development and survival of cultures of H. contortus which were kept 
out of doors. He prepared his material by ‘finely’ grinding faecal pellets in a 
mortar before placing it on experimental grass plots. Unhatched viable eggs were 
found (by a salt-flotation technique) in cultures which had been exposed to tempe- 
ratures above 21° C. for 6 days. In cultures exposed to temperatures below 21° C. 
some eggs remained viable after 13 days’ exposure. He found, however, that such 
eggs ‘do not hatch after exposure to mean maximum temperatures below 70° F. 
[21° C.] for more than 6 days’. 

Dinaburg also concluded that no development of eggs or larvae took place at 
temperatures constantly below 65° F. Nevertheless, he presents data which show 
that some eggs and larvae developed at mean maximum air temperatures of 42°, 
47°, 60° and 64° F. The so-called ‘Dinaburg Line’ (Kates, 1950), namely, a mean 
maximum temperature of 65° F. below which it is held that development cannot 
be completed, has been widely accepted. (According to Dinaburg’s own statement, 
however (see below), the ecological limit is evidently even higher, namely a mean 
maximum of 70° F.) Gordon (1948), while holding this view to be applicable to 
Australian conditions, presents evidence which contradicts it. In his fig. 6 he shows 
the spring rise of H. contortus, which he assumes to be due to re-infestation, 
beginning in late August. A mean maximum temperature of 65° F. is not reached 
until the end of September. 


MATERIAL AND METHODS 
Faeces were taken from lambs maintained indoors with experimental monospecific 
infestations of H. contortus. The animals were on dry feed and their faeces were in 
pellet form. Egg counts, based on the McMaster method, ranged from 1000 to 
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38,000 per g. Culture was carried out in | lb. (4} in. x 3 in. diam.) glass jam-jars 
covered with inverted Petri dishes to control loss of water through evaporation. 
The jars were partly filled (one-third to one-half), periodically moistened, and the 
pellets gently disturbed so that they were neither saturated nor mechanically 
broken. The water content was maintained at a level comparable to that of freshly 
passed faeces (60-70 °% water) and is here termed ‘normal moisture’. 

Replicate experiments were set up dividing one lot of faeces into equal parts for 
comparison of development at different temperatures. 

Observations were made on cultures kept at constant temperatures of 0-0°, 7-2°, 
14-4°, 21-7° and 37° C. Culture samples were taken as frequently as conditions 
warranted. Samples were examined by direct microscopic observations on smear 
preparations. For each observation fifty individuals were classified according to 
developmental stage. The classification categories comprised four egg and three 
larval stages: E,, early blastomere to morula; £4, differentiating gastrula; EF, tad- 
pole or early vermiform; E,, late vermiform to prehatch larva; L,, first-stage larva ; 
L,, second-stage larva; L,, third-stage larva. 

In some cases, cultures at various stages of development were saturated with 
excess water, or dried, or transferred to low temperatures to determine the 
susceptibility to different adverse conditions. The criterion of survival adopted was 
resumption of development of the embryo after removal from the adverse condition 
to a more favourable one. Observations on samples taken to measure survival 
required 2-5 days’ subsampling since the effects of cold or lack of oxygen seemed 
sometimes to cause a lag in the resumption of normal embryonation. 

Studies on the rate of larval production and migration from pellets were carried 
out on both individual and groups of pellets. The technique involved is discussed 
in conjunction with the presentation of results in the next section. 

Observations on Ostertagia spp., Trichostrongylus spp., and Oesophagostomum 
columbianum were made, using faeces from sheep with mixed infestations. Eggs 
were identified by means of Cunliffe & Crofton’s (1953) technique. First- and 
second-stage larvae were found to be identifiable on the basis of predetermined 
measurements and by their resemblance to third-stage larvae. A similar technique 
has been developed by Whitlock (unpublished) for use at the McMaster Institute, 
Sydney. Whenever possible, identification of egg and larval stages in mixed 
infestations were confirmed by examination of the adult worms found in the 
intestine of the donor animal post-mortem. 


RESULTS 
Embryonation 
Observations on the rate of embryonation and hatching of H. contortus showed that 
eggs in the same culture may behave in several ways: (1) eggs may develop at 
different rates; (2) eggs may exhibit intermittent states of active and inhibited 
development; and (3) eggs may fail to develop or die at any stage from unknown 


causes. 
Because of these variable reactions and mortalities the data, on development 
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rates, have been presented as minimum and median times. The term median is, 
however, qualified here to have reference not to the total population, but to that 
part of it which completed development. 


Temperature 
The relation between temperature and embryonation rate, at conditions of 
normal moisture, is summarized in Table 1. Of the eggs cultured at 7-2° C. most 
became inhibited or failed to survive for prolonged periods; usually only 10% 


Table 1. The relation between various constant temperatures and the rate of 
embryonation, survival and hatching of Haemonchus contortus 


Temperature 
“< 0-0 72 11:0 14-4 21-7 37 
3. 32 45 51 58 71 98 
Time (days) required for development from blastomere stage 
Morula 
Minimum — os «<4 <0°5 <0°5 < 0-25 
Median — 8 2 1 0-5 <0°5 
Gastrula 
Minimum — 6 <2 <1 <1 0-25 
Median — 18 3 2 1 0-5 
Tadpole 
Minimum — 14 3 1 <i < 0-5 
Median — 20 5 2 0-67 
Prehatch 
Minimum — 16 4 2 1 <0°5 
Median = 24 8 5 3 1 
First-stage larvae 
Minimum — a= 6 3 2 0-5 
Median — — 10 6 4 1-5 
Second-stage larvae 
Minimum — = 7 6 3 1 
Median — — 13 10 5 2 
Third-stage larvae 
Minimum — — 15 9 5 3 
Median -- — 20 12 8 4 
Mean survival (%) 
Minimum —— 1 60 50 50 10 
Maximum — 10 90 80 70 30 


developed and these required 16-24 days to reach the prehatch stage. Hatching 
seldom took place unless the eggs were transferred to a temperature above 9° C. 
The effect of temperature on the rate of embryonation is demonstrated in Fig. 1. 
These curves, unfortunately, are incomplete through insufficiency of intermediate 
points. There is evidence that the curves are sigmoidal in shape, the acceleration 
of development becoming proportionately smaller as temperatures increase above 
30°C. 

Mortality and inhibition vary with temperature. The proportion of eggs which 
survives to the prehatch stage varies between 10 and 90% with a maximum 
survival at 11° and 14-4° C. (Table 1). Of the eggs which fail to complete develop- 
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ment most die in the premorula or morula stage; mortality levels being much 
smaller in the gastrula and tadpole stages. 

When eggs are allowed to develop to the prehatch stage before introducing them 
to low temperatures small proportions survive at — 2-2 to 1-1° C. for as long as 
2 months, although hatching does not take place until the temperature is raised 
to 9° C. Unembryonated eggs resist the adverse effects of — 2-2 to 1-1° C. for only 
3-7 days, after which time they succumb rapidly, all being dead by the end of 
10 days. 

Embryonated eggs (£; and F, stages) placed at 7-2° C. survive for up to 4 months. 
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Fig. 1. The effect of temperature on the rate of embryonic development 
to prehatch stage of Haemonchus contortus. 


Moisture and air 


The effect of excess water on the developing embryo was investigated. A series 
of experiments was carried out to determine the rate of development of eggs in 
water and in saturated faecal masses. In one series, eggs which had been harvested 
from gravid females were put into 20 ml. of water in large test tubes (6 in. x 1 in.) 
that were partially immersed in a water bath maintained at 37°C. A slow con- 
tinuous supply of air was bubbled through some of the egg suspensions. After 
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12 hr., samples were taken from the aerated and unaerated suspensions and the 
eggs examined microscopically. From the results shown in Table 2, it can be seen 
that embryonation was considerably inhibited in the unaerated suspension as 
compared with the aerated one. 


Table 2. Effects of aeration on the rate of embryonation of Haemonchus contortus eggs 
immersed under water for 12 hr. at 37° C. in the premorula stage 


Number of individuals in different 


embryonic stages 
A. 


Morula Gastrula Tadpole Prehatch 


Unaerated 350 130 40 1 
Aerated 85 20 65 120 





It will be noted that many of these eggs reached an advanced state of embryona- 
tion within 12 hr. of their removal from the parent worm. One would expect 
a comparable period of time to elapse between egg-laying by a female worm 
resident in the abomasum, and the dropping of the eggs in the faeces. Such eggs, 
however, do not embryonate beyond the morula stage in their passage down the 
gut. It appears probable that this phenomenon, to which Veglia (1915) has already 
referred, is due to an inhibition of development in the gut through oxygen 
inadequacy. 

When faecal pellets are saturated with water, an increased proportion of their 
contained eggs becomes inhibited. This has been observed by other workers, 
including Shorb (1944) and Veglia (1915). This again appears to operate through 
interference with aeration. 

Eggs were tested for their ability to survive when kept at different temperatures 
in faecal cultures which had been excessively moistened. Samples were collected 
at regular intervals from the saturated cultures, dried on filter-paper and kept 
slightly moist at 21-6°C. Smear preparations were examined at the time of 
sampling, and after 2-5 days, to see if further development took place after they 
were re-exposed to air (Table 3). 


Table 3. Survival of Haemonchus contortus eggs at different temperatures 
in saturated cultures of sheep pellets 


Days survived 
Temp. A i 





CS.) Median Maximum 
21-7 26 33 
14-4 40 56 
11-0 45 81 

7-2 21 68 
Desiccation 


Preliminary attempts to determine the effect of changes in the water content of 
sheep pellets on nematode eggs indicate that the relationships involved are 
complex, and much careful work needs to be done for a proper understanding. 
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Some preliminary results are reported here, since they are of general interest in 
assessing reactions of H. contortus eggs to the effects of drying. 
The rate of water loss from pellets depends on the size of the pellet, and the 


temperature and relative humidity of the ambient air. The effect of drying on the 


eggs varies with the site within the pellets at which they are situated. 

Sheep dung pellets vary considerably in size and consistency. For example, one 
of our lambs on an ad lib. hay diet produced pellets which ranged from 135 to 
570 mg. on four different days within a 10-day period. Mean weights of random 
samples, of ten pellets each were as follows: 273 + 24-1, 238 + 9-4, 479+ 19-0, and 
435 + 20-1 mg. Between animals, even greater variations occur: pellets of over 1 g. 
are not infrequent. An alteration in diet can cause marked changes in water 
content. The water content of pellets in the present work was in the range 
55-70%. 

In atmospheres at or near saturation vapour pressure the water contents of 
pellets remains near the normal moisture level; in them, development proceeds 
uninterruptedly up to the third larval stage. When, however, drying takes place, 
the net effect on the worm population depends upon a combination of direct 
temperature effects and the evaporation rate. If evaporation rates are so great 
that the pellet becomes dry before F, and E, stages of embryonation are reached, 
the majority of the eggs die from desiccation. If, on the other hand, embryonation 
is rapid enough for the E, stage to be reached before complete drying occurs, the 
eggs can remain viable for a long period in a resistant dormant state. In studies, 
carried out under controlled conditions, on the evaporation of water from pellets, 
it was shown that virtually all the evaporable water was lost: within 24 hr. at 
21-6 °C. and 3 days at 7-2° C. at 70% R.H. and within 3 days at 21-6° C. and 9 days 
at 7-2° C. at 90% r.H. These figures indicate how rapid loss of water can be even 
under comparatively mild drying conditions. Experiments are in progress to 
determine the water limits which control inhibition and hatching, and their effect 
on survival of populations. 

Unhatched viable eggs have been kept at H, stage, in dried pellets at room 
temperature, for periods of up to 6 weeks. When moistened, such eggs hatch within 
a few minutes. 

Hatching 

Hatching occurs when the temperature is high enough (about 9° C.) to permit 
larval activity, and when eggs are in contact with water. Larvae generally emerge 
through a hole that has been produced by their sharp-pointed tail, and not by 
prodding through with their heads as described by Veglia (1915). The head 
prodding movement appears to be successful only if the aperture previously made 
by the tail is entered. The majority of larvae emerge tail-end first. 


Larval development and migration 

The results of observations on the rate of development of H. contortus from egg 
to the third larval stage are also summarized in Table 1. The data are again 
recorded as minimum and median times. The maximum time for development of 
any given population occurs several weeks after the median time. 
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It was found that larval production from a batch of pellets proceeds discon- 
tinuously for some considerable time, apparently depending on changing conditions 
in an ageing culture medium. Studies on the rate of larval production and migra- 
tion from pellets were carried out on both individual and groups of pellets. Pellets 
were kept in corked tubes (3 in. x 3 in.) and transferred to fresh tubes either daily, 
or on every third day according to the temperature at which they were stored. 
The tubes in which the pellets had been kept were washed out and the rinse-water 
examined for larvae that had migrated from the pellet to the sides of the tube. 
Examples of the results obtained are summarized in Table 4 and Fig. 2. The results, 
at best, give only a broad indication of the rate of discontinuous development from 
material maintained at constant temperatures. Nevertheless, they would appear 
to be of sufficient value to indicate that the phenomenon is a significant one. Its 
extent and importance, however, needs to be determined, especially under natural 
climatic conditions. 


Table 4. Number of Haemonchus contortus larvae recovered at intervals ; indicating 
rate of migration at two different temperatures (11 and 14-4° C.) from two cultures of 
eleven pellets each, raised at the same temperature (14-4° C.) 








Days 
Temp. Larval — A 
(° C.) stages 11 12 13 14 15 17 18 19 21 24 26 8 
14-4 L, 30 80 50 50 10 — — — — — — ~ 
L, 60 470 90 210 40 — 20 20 — 330 _ ~ 
L, 300 50 30 = 380 40 90 260 40 630 760 20 30 
11 L, 170 10 10 40 20 — —_ —_ — —_ _— = 
L, 640 90 280 8 180 10 —_ 60 20 20 —_ 90 - 
L, 10 — 50 =200 10 — 600 30 30 =6110—s:«1130 —s:100 
Days 
Temp. Larval - A” . 
(° C.) stages 31 33 35 38 40 42 45 47 49 52 54 
14-4 7 i 
i. —-— -— ££ DP we + memnss = 
L, 10—:130 10 30 20 20 =100 30 10 — 20 
11 as ee ee ee ee 
me -— S—- »® Sens ss —- #* Mc 
L, 30 30 — 130 190 180 70 10 — 30 —_ col 
lar 
Eggs and larvae of other species th 
( 
Preliminary observations on Ostertagia spp., Trichostrongylus spp. and Qeso- on 
j { 
phagostomum venulosum indicate that these worms have a substantially slower rate pa 
of embryonation than H. contortus, particularly at temperatures below 21-6° C. on 
Moreover, they possess a greater degree of resistance to cold and desiccation and | 
require almost twice as long as H. contortus for larval development at 14-4°, 11° rm 
and 7:2° C. | 
Tr 
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: Fig. 2. Cumulative ogive indicating rate of migration of Haemonchus contortus 
larvae from faeces. Data from Table 4. 
' DISCUSSION 
) Monnig (1930) in South Africa found that Trichostrongylus spp. eggs containing 
' complete embryos have a resistance much greater than that of infective sheathed 
larvae. He suggested that sheep could infect a pasture in the cold dry winter if 
the eggs could just reach the complete embryo stage, which may easily happen. 
ina Crofton (1948a, 6) demonstrated that eggs of the rabbit parasite Trichostrongylus 
: retortaeformis, can overwinter in Britain. Eggs in faecal cultures which were placed 
ate ‘ . 
Cc on outdoor grass plots in November, December and January remained unhatched 
d and viable at temperatures between 1-7° and 10° C. until April. 
ne Gordon (1948) states that in H. contortus ‘the embryonated egg and the infective 
larva are the more resistant stages’. 
Our laboratory experiments show that H. contortus eggs resemble those of 
Trichostrongylus spp. in their ability to sustain an inhibition of development under 
adverse conditions, and to survive for long periods in the prehatch stage, and thus 
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support the views of Ransom (1906), Clunies Ross & Gordon (1936), and Gordon 
(1948). 

The failure of Shorb (1943, 1944) and Dinaburg (1944) to obtain development 
or survival of H. contortus eggs at temperatures below 13° C. is difficult to under- 
stand since Ransom (1906) obtained results comparable with our own. It might 
be postulated that since Ransom’s day the American strain of H. contortus has 
become physiologically different. It seems more likely, however, that many of the 
differences in results between Ransom and the present work on the one hand, and 
Shorb and Dinaburg on the other, are due to differences in technique. Ransom, 
like ourselves, cultured whole pellets. Shorb and Dinaburg ground and ‘ pulverized’ 
pellets before culturing, and this could have altered conditions sufficiently to 
invalidate comparisons. 

Our observations on factors affecting larval development agree with those made 
by Ransom in 1907. Larval development is strongly influenced by temperature, 
though moisture and aeration conditions may produce profound effects on the rate 
of growth. At a constant temperature of 21-7° C. and with adequate moisture and 
aeration, freshly passed H. contortus eggs require about 5 days before the first of 
them reach the third larval stage. It must be emphasized that the times quoted 
are minimal, and refer only to a very small proportion of any given population. 
Some larval development can proceed at a temperature as low as 7-2°C., but 
between this and 11°C. the bulk of a population is inhibited, the proportion of 
developing individuals increasing with increasing temperature. 

To complete the picture of developmental relations, work remains to be done on 
the effect of temperature fluctuations. Nevertheless, it is of interest to relate the 
present results to the conditions which obtain in nature, where temperatures are 
considerably lower than the levels at which helminthologists are accustomed to 
rear their material. During a 5-year period (1943-7) of continuous temperature 
records taken under heather on a Scottish hill farm (600 ft. 0.D.), the 10-day mean 
exceeded 15°C. on only one occasion (Campbell, 1948). The mean temperature 
over the 5-year period for the months June, July and August was 12-5° C. Air- 
temperature records from other parts of the United Kingdom are shown in Table 5. 

Although the warm period of summer is the one when egg and larval develop- 
ment is most rapid, it is not to be expected that hot weather will inevitably result 
in more rapid turnover of populations. We have shown that an increase in 
temperature has a twofold effect: the first is direct acceleration of developmental 
rates, and the second is an indirect inhibition through desiccation. The net result 
clearly depends upon the time at which the drying process overtakes the develop- 
ment process. 

The changes in the physical conditions of pellets take place more rapidly in the 
superficial than in the deeper parts. This has a differential effect on the develop- 
mental rates of contained nematode eggs according to their situation. These 
disparate conditions lead to an extension of the time limits of appearance of third- 
stage larvae. Even under relatively constant laboratory conditions this pheno- 
menon is well marked, and larvae continue to appear over a considerable period 
of time. In the variable conditions which prevail out of doors it is to be expected 
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that the spread of larval emergence is even more pronounced and more markedly 
discontinuous. 

It is impotrant to note that sheep fed on grass regularly pass their faeces in the 
form of large aggregates of pellets. It is to be expected that the interior of such 
dung masses will have a greater inertia to climatic changes and, in particular, will 
dry up more slowly than discrete pellets under comparable conditions. This would 
result in an even further emphasis of the phenomenon of spread of larval emergence. 

The factors affecting the migration of third-stage larvae have been investigated 
by several workers including Rogers (1940), Crofton (1948) and Rees (1950). In 
the present series of experiments both first- and second-stage larvae were observed 
to migrate from the pellets. The numbers of migrating first-stage larvae were very 
small, and are probably explicable on the basis of random movement. On the other 
hand, second-stage larvae migrated in substantial numbers, in some cases even 
exceeding the numbers of those which remained to develop to third stage (Fig. 2). 
This would seem to represent a real taxis which clearly requires further investigation. 

The ability of infective larvae to survive under various climatic conditions has 
been studied by a number of workers in various countries with conflicting con- 
clusions (see Kates, 1950). Most of the sampling techniques employed are designed 
to detect only third-stage larvae, and little or no account has been taken of the 
presence of unhatched eggs or of immature larvae. For example, Taylor (1957) 
reported the results of an experiment designed to compare the rate of survival of 
H. contortus in short and long grass. Each of eight plots, 9 in. square, was con- 
taminated with 100 g. of sheep faeces in pellet form. Four of the plots had been 
cut short with scissors and the other four allowed to remain long. A ninth sample 
of 100 g. of the same faeces yielded 420,000 third-stage larvae out of an approxi- 
mate 1,215,000 eggs in laboratory culture.* 

Taylor writes: ‘ After allowing an interval of three weeks} for larval development 
successive plots were cut at weekly intervals; the larvae were then recovered by 
washing the grass in water and were enumerated under the microscope. The results 
are shown in the following table.’ (Table 6.) 

From these figures Taylor concluded: (1) that short grass is less favourable than 
long grass for survival of third-stage larvae, and (2) that about 600 eggs{ are 
required to produce one infective larva (i.e. a mortality of 99-08 °%). These con- 
clusions are based on the assumption that non-recovery of individuals as third- 
stage larvae implies their death. This assumption is untenable in relation to these 
figures since the number of larvae recovered increases in each successive sampling 
week (i.e. there is here a paradox of mortalities decreasing as populations age). The 
experiments were carried out in October and November when field temperatures 
are comparatively low (they are unlikely to have exceeded a mean of 12° C.). 


* It is of interest to note that the recovery rate here is approximately 30% which might 
be expected for cultures reared at between 22° and 37° C. 

+ Our italics. 

{ This figure has been reached by taking the arithmetic mean of the 8 samples quoted in 
the table, i.e. 1869 larvae from 1,215,000 eggs, but since the samples are not comparable the 
procedure is invalid. 
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Under these conditions the 3-week interval allowed for larval development would 
be quite insufficient for more than the small minority of rapidly developing 
individuals. The bulk of the population would probably require a much longer time 
to complete development, and this view is amply supported by the trend of the 
figures for larvae recovered from long grass. Larval recoveries from short grass, 
except for the latest occasion, show the same trend, but they are consistently 
smaller. An increased mortality rate might be argued here but is unconvincing. 
There is no reason to suppose a more rapid development on these than on the 
long-grass plots, and a higher mortality in eggs at this time of year, which was 
stated to be ‘very wet’, seems unlikely. This result is difficult to understand unless 
some form of inhibition be postulated. 


Table 6. (From Taylor, 1957.) The numbers of third-stage larvae recovered from 
short grass and from long grass, 4, 5, 6 and 7 weeks after the deposition on to each 
plot of 100g. of sheep’s faeces containing 1,215,000 eggs of Haemonchus con- 
tortus per g. [sic] 


Number of third-stage larvae recovered 





Date at which ‘i A —~ 
grass was cut Proportionate 
(1954) Short grass Long grass number 

18 October 19 12 3 
25 October 316 1976 x 6 

1 November 465 3300 x8 

8 November 19 8487 x 400 


Our findings on the relationship between temperature and developmental rates 
differ from those of Veglia in South Africa and Shorb and Dinaburg in North 
America. This is most pronounced when developmental threshold levels and 
developmental rates in the lower levels of the biokinetic range are considered. It 
is possible that our strain of H. contortus is physiologically different from the North 
American and South African strains, but confirmation of this point would require 
a proper comparative study. At least, it must be concluded that the application 
of results derived from North American or South African experience must be 
applied to British conditions with caution. Even the most cursory reference to the 
temperature conditions which prevail in these islands (Table 5) must compel the 
realization of the complete inapplicability of the ‘Dinaburg line’ in the interpre- 
tation of worm outbreaks here. Equally obvious is the fallacy of the assumption 
that the 3- to 6-day cycle, which is frequently quoted (Spedding, 1954a; Lapage, 
1956), could suffice for completion of development from egg to infective larva. In 
British field conditions the evolution of infective larvae of H. contortus must require 
upwards of 2 weeks in summer, and considerably more at other times of the year. 
From preliminary studies on other strongyloid species, we have evidence that their 
cycle of development is even more prolonged, and that their ability to endure 
adverse conditions is even better developed. 

For these reasons, we find it impossible to support the recommendation 
(Spedding, 1954a, b) that a laborious strip grazing system, involving movement of 
3-2 
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animals every second day, is necessary to prevent re-infestation with parasitic 
worms. The advice (National Agricultural Advisory Service, and Thomson & 
Corner, 1957) that paddocks be grazed for 5 days or less and the animals returned 
after 25-30 days would appear equally to be founded upon an unsound rationale. 
Indeed, the proposition that animals be returned to re-graze after 4 weeks or so 
may be a dangerous one since their return, during the summer months, would 
coincide with the peak of larval production. We believe the pattern of helminth 
population dynamics is of such complexity that a detailed definition of optimal 
times for grazing and re-grazing is premature. For example, during summer, initial 
grazing periods could safely range from 2 to 6 weeks depending upon the tem- 
perature record over the period. Unfortunately the requisite rest period to 
guarantee non-infestation thereafter would require to be considerably longer 
than is at present generally recognized, and most likely would have to extend 
into the following season. In relation to the problem of the proper use of 
grass this proposition becomes unrealistic. 


SUMMARY 


Laboratory studies on the embryonic and larval development of Haemonchus 
contortus under constant temperatures of 0-0°, 7-2,° 11°, 14-4°, 21-7° and 37° C., 
and varying moisture conditions were carried out. Reports of preliminary studies 
on Ostertagia spp., Trichostrongylus spp. and Oesophagostomum venulosum are 
included. 

Observations showed that eggs in the same culture may behave in several ways: 
(1) eggs may develop at different rates; (2) eggs may exhibit intermittent stages 
of active and inhibited development; and (3) eggs may fail to develop and die at 
any stage from unknown causes. 

At a constant temperature of 21-7° C. and with adequate moisture and aeration, 
freshly passed H. contortus eggs require 5 days before the first of them reach the 
third larval stage. At 14-4°C. it takes 9 days, whilst at 11°C. at least 15 days 
must pass before third-stage larvae first appear. Some larval development can 
proceed at a temperature as low as 7-2° C. 

Mortality and inhibition vary with temperature. The proportion of eggs which 
survives to the prehatch stage varies between 10 and 90% with a maximum 
survival at 11° and 14-4° C. Embryonated eggs are found to be very much more 
resistant to adverse conditions than unembryonated eggs. Embryonated eggs 
survive at 7-2° C. for up to 4 months. 

Excess water was found to inhibit development, probably owing to its inter- 
ference with aeration. The period of survival of eggs in saturated faecal cultures 
maintained at different temperatures was determined. 

Rapid desiccation of faecal pellets resulted in the destruction of the contained 
nematode eggs unless the eggs were in an advanced stage of embryonation. Eggs 
in the prehatch stage were found to be extremely resistant and were kept in a dry 
condition for up to 6 weeks in an unhatched though viable state. 

Owing to the disparate conditions in faecal cultures which result in varying 
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degrees of inhibition, it was found that there is a discontinuous development of 
first-, second- and third-stage larvae over a considerable period of time. 

The relation of these laboratory observations to the conditions occurring in the 
field are discussed, and it is concluded that H. contortus requires about 2 weeks in 
the summer for development from egg to third-stage larva and considerably longer 
periods are needed at other times of the year. 

From preliminary studies on other strongyloid species, the evidence indicates 
that their cycle of development is even more prolonged and that their ability to 
endure adverse conditions is better developed. 


We wish to record our indebtedness and thanks to Miss Sandra Dunbar, M.I.8.T., 
for technical assistance. The meteorological data were obtained through the courtesy 
of the Agricultural Research Institute of Northern Ireland and the Meteorological 
Office, Edinburgh. 
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I. INTRODUCTION 


There are over sixty species in the trematode family Didymozoidae Poche, 1907, 
one of which, namely Kollikeria filicollis (Rudolphi, 1819), Cobbold, 1860, is 
described in detail below. The following quotations from Stunkard (1946) and 
Dawes (1946) give an indication of the state of our knowledge of the family. 
Stunkard stated that it ‘contains aberrant forms, in part cyst-dwelling and in part 
dioecious, which parasitize marine fishes and whose systematic position remains 
problematical. Some are monostomes, others distomes, and although the family 
was monographed by Dollfus (1926) and Ishii (1935), neither author attempted to 
relate them to other Digenea. Indeed, Ishii’s account of the life history, brief and 
probably not correct, predicted direct, i.e. monogenetic development.’ Dawes 
was of the opinion that ‘early studies were incomplete and our knowledge is still 
limited, our ignorance profound, on the structure of forms well known by name’. 
As K. filicollis is a little-known species a detailed description of its anatomy may 
contribute towards clearing some of the confusion that exists regarding the 
classification of the family Didymozoidae. The study has revealed that the sexes 
of K. filicollis are not entirely separate as hitherto believed. Nevertheless, what 
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have been regarded previously as distinct males and females will, for convenience, 
be referred to as ‘males’ and ‘females’ in the description below. 

The material for the investigation was obtained on one of ten specimens of 
Brama raii (Bloch) trawled from about 191 fathoms at latitude 59° 10’ N. and 
longitude 6° 40’ W. by the Fleetwood motor-trawler Jrvana. Temporary mounts 
of specimens fixed in 5% formaldehyde were examined under a coverslip in water, 
lactophenol or a solution of glycerine in alcohol. For permanent whole mounts 
Ehrlich’s haematoxylin was used as stain, while serial sections cut in three planes, 
transverse, horizontal and sagittal, were stained with Ehrlich’s haematoxylin and 
eosin. 


Il. EXTERNAL FEATURES 


K. filicollis is, like most species of the Didymozoidae, a cyst-dwelling form. Four 
elliptical orange-yellow cysts (Fig. 1) were found attached to the epithelium 
inside the operculum near the posterior gill of one B. raii (Bloch). Each cyst is 
about 9-10 mm. long, 6-50 mm. broad and 2-5 mm. deep, and contains from one to 
five ‘males’ (Fig. 5) and one ‘female’ (Fig. 2), a total of thirteen ‘males’ being 
found in the four cysts. The ‘male’ worm is greyish white in colour, filiform (Fig. 5), 
and is 13-50-17-00 mm. long and 0-41-0-78 mm. in maximum breadth midway 
between the oral and ventral suckers. The oral sucker is rounded, 0-15—0-47 mm. 
broad, subterminal and on the ventral surface. The ventral sucker is 0-41—0-78 mm. 
behind the oral sucker and is 0-28-0-31 mm. broad. The body of the ‘female’ 
worm (Fig. 2) is divided into two regions, the fore- and the hind-body. The fore- 
body is almost identical with the anterior region of the ‘male’ and is 5-5—7-2 mm. 
long and 0:74-1:20 mm. broad midway between the oral and ventral suckers. The 
oral sucker is 0-44—-0-50 mm. broad, while the ventral sucker is 0-29-0-30 mm. 
The hind-body of the female is swollen and curved upon itself to become roughly 
kidney shaped. On its ventral side and extending along the median line there is 
a shallow groove (Figs. 11, 13). At the posterior end of this groove (Fig. 2) and 
on either side there is a conical projection which is 0-17 mm long and 0-25 mm. 
broad at the base. It has been suggested by previous workers that the groove and 
the two projections on the ventral surface of the ‘females’ of members of the genus 
Kollikeria may serve the function of holding the male worm in position during 
copulation. The writer is unable to confirm this as no ‘males’ were found in the 
groove. 


Ill. INTEGUMENT, MUSCULATURE AND THE CYST 
The writer is not aware of an account of the body wall and the cyst in members 
of the family Didymozoidae although, as has already been stated, most of the 
sixty known species are cyst dwellers. In the case of K. filicollis an examination 
of the cyst has shown that it is mainly a reaction product of the host’s tissue 
against secretions from some of the subcuticular gland cells of the ‘female’ worm. 
The integument, musculature and the structure of the cyst will be described below 
and this will be immediately followed by a general discussion on the body wall in 
some other digenetic trematodes. The cuticle (Fig. 14), which rests on a basement 
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K. filicollis, showing position of ‘female’ worm within the cyst. 

‘Female’ showing hind-body in dorso-lateral view and the fore-body in dorsal view. 
‘Female’ fore-body and part of hind-body in ventral view. 

‘Female’ in ventral view showing nervous system. 
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membrane, varies in depth from 0-003 mm. in the fore-body of both ‘males’ and 
‘females’ to only 0-0015 mm. in the hind-body of the ‘female.’ The cuticle is 
followed by the basement membrane and the musculature of the body wall. This 
latter consists of a single layer of delicate circular muscle fibres, each fibre being 
0-0015 mm. in diameter. The longitudinal muscle fibres are even more delicate, 
many fine strands occupying a depth of only 0-0015 mm. Dorso-ventral muscles 
occur very spasmodically throughout the length of the body and can only be seen 
clearly in the regions of the oral and ventral suckers. Subcuticular cells which are 
of two kinds are well developed in both ‘males’ and ‘females’, and in particular 
in the dorsal wall of the hind-body of the ‘female’. Immediately beneath the 
musculature (Fig. 14) there is a single layer of regularly spaced subcuticular gland 
cells, each of which possesses very granular cytoplasm and a relatively small 
nucleus 0-003 mm. in diameter. This layer of cells is followed by another layer of 
irregularly arranged cells of a different kind whose nuclei are relatively much 
larger, being 0-006 mm. in diameter. The parenchymatous cells that are present 
throughout the body of the parasite can be distinguished from the two kinds of 
subcuticular cells by their very granular nuclei and less granular cytoplasm. 
The single layer of subcuticular cells immediately beneath the musculature 
appears to be concerned with cyst formation (Fig. 14). These cells exude their 
granular contents through minute pores in the cuticle, the secretion forming a 
layer 0-003 mm. deep surrounding the parasite. The secretion which is the inner- 
most layer of the cyst is in very close association with the host’s epithelial tissue, 
which appears to have degenerated to form the outer layer of the cyst. This de- 
generation of the host’s epithelial tissue is probably the result of its reaction 
against the glandular secretion of the parasite. Groups of from two to fifty 
flattened, oval, nucleated cells can be seen at regular intervals to be closely associ- 
ated with the inner layer of the cyst. Whether these groups of oval cells are de- 
generate macrophages, lymphocytes or host epithelial cells is impossible to 
ascertain. The oval cells are embedded in fibres of loose vacuolated connective 
tissue in which are scattered small nuclei and large darkly stained rounded bodies, 
possibly melanophores. The irregularly arranged layer of subcuticular cells with 
the relatively large nuclei may be myoblasts, as there is slight evidence that the 
longitudinal and circular muscles of the body wall are products of these cells. 
Well-developed subcuticular cells similar to those described above are present 
in many digenetic trematodes and have been investigated by several workers. 
Odlaug (1948) gave a detailed account of previous work on the subject when 
discussing the finer structure of the body wall and the parenchyma of three species 
of digenetic trematodes, one of which, namely Loxogenes arcanum, is a cyst 
dweller. Odlaug described four types of subcuticular cells in the three species and 
stated that only L. arcanum which occurs encysted in the duodenum and pyloric 
end of the stomach of the frog possesses a ‘true layer of subcuticular cells’, but 
he did not, however, attribute any particular function to those cells. He stated 
that there is no correlation between the structure of the cuticle and the environ- 
ment of the three parasites he studied. Pratt (1909) was of the same opinion, and 
stated that the structure of the cuticle is not a significant factor in the resistance 
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of the parasite to its environment, but that chemical secretions of the subcuticular 
cells are more important. The present investigation into the structure of the body 
wall and cyst of K. filicollis supports the view of Pratt (1909) and Odlaug (1948) 
that the cuticle in some digenetic trematodes cannot be correlated with its habitat. 
K. filicollis appears to derive its protection by the formation of a cyst which is the 
product of the reaction of the host’s tissue to a secretion from subcuticular gland 
cells, this secretion forming the innermost layer of the cyst. This is interesting when 
compared with the work of Hunter & Hamilton (1941), who described cysts in 
their studies on host reactions against larval parasites of the families Strigeidae, 
Clinostomatidae and Cryptocotylidae. They stated that the host tissues reacted 
by accumulating cells, apparently macrophages and lymphocytes, on the outside 
of an inner hyaline cyst. This kind of reaction, therefore, appears to be identical 
with that of B. raii against K. filicollis. Hunter & Hamilton, however, stated that 
‘this inner hyaline cyst is believed by parasitologists to be of parasitic origin and 
there is no evidence to the contrary’. In K. filicollis the inner layer of the cyst is 
definitely of parasitic origin and, as has already been stated, it is derived from 
subeuticular gland cells which discharge their products through minute pores in 
the cuticle. Many stages in the discharge of the contents of the subcuticular gland 
cells were seen by the writer (Fig. 14). Some of the cells were full of granular 
material, others showed their contents in the process of being discharged, while 
some were empty. In some cases the nucleus of the cell was lodged in the cuticular 
pore, appearing at first sight to be embedded in the cuticle. This is interesting, as 
according to Dawes (1946) Monticelli thought that the cuticle of digenetic trema- 
todes was a metamorphosed epithelium which had suffered chemical alteration of 
its protoplasm and the loss of its nuclei, this being supported by the fact that in 
some larval and adult Digenea the cuticle contains nuclei, or bodies which resemble 
nuclei. It may be possible that Monticelli was mistaken in his views and that the 
nuclei seen in the cuticle are, as in K. filicollis, products of the subcuticular cells 
that have become lodged in minute cuticular pores. 

The deeper situated subcuticular cells in K. filicollis may be associated with the 
formation of circular and longitudinal muscle fibres. Dawes (1946) stated that 
myoblasts sometimes occurred beneath the general musculature of digenetic 
trematodes. It is interesting to observe that in K. filicollis the musculature is well 
developed where the deeper seated subcuticular cells are not well developed and 
vice versa. For instance, in the hind-body of the female this layer of subcuticular 
cells is very well developed, but the musculature is hardly discernible. It may be 
that many cyst-dwelling parasites, whose movements are restricted, have promi- 
nent subcuticular cells, as the myoblasts are not drawn upon extensively to form 
the musculature. 


IV. ALIMENTARY CANAL 


The alimentary canal of the ‘male’ and ‘female’ worms will be described separately 
as there are slight differences. 

In the ‘male’ the ventral mouth (Figs. 5, 10) opens through the centre of the 
oral sucker into the dorsally situated muscular pharynx which is 0-15—0-25 mm. 
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5. K. filicollis (‘male’), ventral view. 

6. Transverse section through genital atrium. 

7. Transverse section through brain. 

. 8. Transverse section through dilation of oesophagus and excretory vessels. 
. 9. Transverse section through testes. 


10. Median sagittal section through anterior region. 
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long and 0:08-0:10 mm. broad. The wall of the pharynx is 0-054 mm. thick and 
its lumen 0-016 mm. in diameter. Following the pharynx is the oesophagus which 
is 0-40-1-22 mm. in length and has a uniform diameter of 0-07 mm. for about the 
first two-thirds of its length, but is dilated for the last third (Fig. 8) to a diameter 
of 0-09-0-10 mm. The oesophagus then bifurcates slightly in front of the ventral 
sucker (Figs. 5, 10) to form the intestinal caeca which extend backwards to termi- 
nate within a short distance of the posterior end of the body. The intestinal 
caeca which have a uniform diameter of 0-17 mm. throughout their lengths are 
thrown into numerous undulations (Fig. 5). There are conspicuous circular and 
longitudinal muscles in the walls of the caeca surrounding their very well-developed 
epithelial lining (Fig. 9). Gland cells occur in the region of the intestinal bifurcation 
(Figs. 8, 10), extending for a short distance forwards around the oesophagus and 
backwards around the intestinal caeca. The contents of these cells are granular 
and identical granules were found in the lumen of the gut in these regions. 

The alimentary canal of the ‘female’ (Figs. 2, 3) is very similar to that of the 
male, differing mainly in the relative length of the intestinal caeca, which extend 
only for a short distance into the hind-body. The caeca also differ from those of 
the ‘male’ in that they are fairly straight and their terminations are club-shaped 
(Fig. 2). 


V. EXCRETORY SYSTEM 

Very little is known about the excretory system in members of the family Didy- 
mozoidae. According to Yamaguti (1938), in some members of the genus Didymo- 
cystis Ariola, 1902, there is a median ventral excretory vessel bifurcating anteriorly 
in front of the bifurcation of the intestine into two short arms. In general terms 
the excretory system is the same in K. filicollis but there are a few differences. 
In the ‘male’ there is an excretory vessel in the mid-dorsal line and this opens to 
the exterior at the posterior extremity of the body (Fig. 5). The excretory vessel 
extends forwards to the region of the ventral sucker (Fig. 10) and bifurcates here 
on to lateral dilated vessels (Figs. 5-8) which extend forwards as far as the lateral 
margins of the oral sucker. The median dorsal excretory vessel is about 0-123 mm. 
in diameter throughout its length, having slightly muscular walls, its lumen 
containing finely granular material. The anterior lateral dilatations of this vessel 
are about 0-500 mm. in diameter, having thin walls containing small nuclei, and are 
without granular material in the lumen. 

In the fore-body of the ‘female’ (Figs. 2, 3) the excretory system is like that of 
the ‘male’ being Y-shaped, with the stem of the Y extending as far as the hind- 
body; no trace of the excretory system could be found in the hind-body. 


VI. NERVOUS SYSTEM 
The previously undescribed nervous system of K. filicollis consists of a ‘brain’ 
(Figs. 2, 4 and 7) situated dorsally to the oesophagus giving off anterior and 
posterior nerves. 
The ‘brain’, which is about 0-382 mm. behind the posterior border of the pharynx, 
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is composed of two ganglia joined by a transverse commissure. Each ganglion is 
about 0-15 mm. in diameter and gives off three nerves anteriorly, the dorsal, the 
lateral and the ventral anterior nerves (Fig. 4). The dorsal anterior nerves supply 
the pharynx, the lateral anterior nerves the oral sucker while the ventral anterior 
nerves innervate the body wall. From each cerebral ganglion there arises posteriorly 
a very short lateral nerve and a ventral nerve, which extend backwards as far as 
the posterior end of the body in the ‘male’ but could not be traced beyond the 
posterior end of the fore-body in the ‘female’. The two short lateral nerves supply 
the body wall, but the two ventral nerves. which are much branched, supply the 
body wall, the ventral sucker, the intestinal caeca and the genitalia. 


VII. GENITALIA 
Hitherto it was thought that the sexes were entirely separate in all members of 
the genus Kéllikeria, but this study has revealed rudiments of the male organs in 
the ‘female’ and female organs in the ‘male’. The proximal ends of both male and 
female ducts open into a shallow genital atrium which is situated in the mid- 
ventral line immediately behind the oral sucker (Figs. 3, 5 and 10). 


(a) Male genitalia 


The male genitalia are fully developed only in the ‘ male’ worms (Figs. 5, 9 and 10). 
The single, much convoluted testis which is 11-12 mm. in length is situated in the 
dorsal half of the body (Figs. 5, 9 and 10) its anterior border being a short distance 
behind the ventral sucker. The vas deferens (Figs. 5, 10) arises from the testis 
antero-dorsally, extending forwards in the dorsal half of the body as a thin tube 
in a slightly convoluted course. It has a somewhat muscular wall and is 0-015 mm. 
in diameter. In front of the ventral sucker the vas deferens becomes more ventral 
in position (Fig. 10). continuing forwards below the oesophagus to open into a very 
shallow genital atrium. Proximally the vas deferens may or may not be dilated 
to a diameter of 0-083 mm., being filled with spermatozoa and functioning presum- 
ably as the vesicula seminalis. There is no cirrus. 

Rudiments of the testis and vas deferens occur in the fore-body of the ‘female’ 
(Fig. 2). The testis is in the form of undifferentiated tissue which contains nuclei 
and which is situated dorsally or laterally to the uterus half-way along the length 
of the fore-body. From its anterior region arises a rod of similar tissue which 
extends forwards below the uterus as far as the genital atrium. 


(b) Female genitalia 


The ovary, which is in the hind-body (Fig. 2) is elongated, slender and convoluted, 
having a diameter of about 0-050 mm. throughout its length. The distal end of the 
ovary is slightly swollen, being roughly club-shaped, and is situated dorso-laterally 
beneath the body wall at about a third of the length along the hind-body. From 
here it extends forwards, coiling below the body wall (Figs. 2 and 11-13) to end 
ventrally near the left side of the hind-body (Figs. 2, 11). The oviduct arises from 
the proximal end of the ovary, receiving first on its outer side (Figs. 2, 15) the duct 
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of the receptaculum seminis and close to it the yolk duct. The oviduct continues 
antero-dorsally, opening into the central chamber, which is 0-25 mm. long and 
0-33 mm. broad. The central chamber is surrounded by Mebhlis’s gland cells, the 
basal portions of these cells containing nuclei and staining a light blue with Ehrlich’s 
haematoxylin, while the distal portions of the cells are without nuclei and stained 
a light red with eosin. The central chamber is continuous with the thin-walled 
uterus which at first runs forward as far as the distal ends of the intestinal caeca, 
describes a loop postero-dorsally and extends as the much-coiled descending limb 
as far as the posterior end of the hind-body. From here it runs forward again as 
the ascending limb which is not so coiled and which near the anterior end of the 
hind-body becomes thick-walled and muscular (Figs. 12, 17). This muscular region 
leads into the thin-walled distal end of the uterus which enters the fore-body and 
takes a straight mid-ventral course to the genital atrium. The function of the 
muscular portion of the uterus may be to force eggs into that part of the uterus 
occupying the fore-body, the extreme length of the uterus and the enormous number 
of eggs produced perhaps necessitating a ‘pumping mechanism’ of this kind. The 
proximal end of the uterus near the central chamber is surrounded for some of its 
length (Fig. 15) by, small glandular cells which appear to be different from those 
of Mehlis’s gland cells. The receptaculum seminis (Figs. 2, 15) is a swollen pear- 
shaped sac measuring 0-29 mm. in length, 0-15 mm. in greatest breadth and is 
distended with yolk cells and spermatozoa. The yolk gland, which is elongated and 
coiled beneath the body wall, extends from its junction with the oviduct to the 
posterior end of the hind-body. Distally near the central chamber the yolk gland 
is slightly swollen to form the yolk reservoir which is 0-25 mm. long and 0-082 mm. 
broad. The eggs are exceedingly numerous and oval in shape measuring 0-021 x 
0-016 mm. in the proximal region of the uterus and increasing in size to 0-025 x 
0-17 mm. in its distal region. The thickness of the shell of those eggs in the distal end 
of the uterus is also greater than that of the eggs seen in the proximal region, the 
range being 0-0008—0-001 mm. There is an operculum at one pole of the egg (Fig. 16) 
and each egg contains a well-developed embryo by the time it reaches the distal 
end of the uterus. There is a crown of fine spines around a conical projection at the 
opercular end of the embryo, but these are too small for their exact shape and size 
to be determined. A similar crown of spines has been observed by Wagner (1858), 
Baylis (1938) and Nigrelli (1939) in members of the genera Didymozoon and Didymo- 
cystis. From serial sections the following observations have been made on the egg 
and the egg shell, and these are presumably various stages in their formation. 
In some sections ova and groups of yolk cells, each of these latter containing 
clusters of rounded granules, presumably of polyphenol, were seen in the central 
chamber. In others showing the proximal part of the uterus the yolk cells were 
either arranged in a single row, together with an ovum, or this latter was surrounded 
by a group of up to twenty-five yolk cells which were in turn surrounded by 
spermatozoa. Polyphenol granules also occurred outside the group of yolk cells at 
this stage. but whether this was due to mechanical injury is not known. Other 
stages either showed the ovum orientated at one end of many broken-down yolk 
cells and masses of unevenly distributed polyphenol granules or these latter were 
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Figs. 11-14. For legends see opposite page. 
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arranged in a layer of equal depth surrounding the broken-down yolk cells. A 
very thin egg shell was always present around the layer of polyphenol granules. 
The present observations agree in general with the view of Nigrelli (1939) on egg- 
shell formation in Didymocystis coatesi. They also agree with the findings of 
Stephenson (1947) and others, who have stated that the egg shell of trematodes, 
and in particular that of Fasciola hepatica, originates from granules present in 
the vitelline cells and not from a secretion of Mehlis’s glands, this secretion 
being reinforced by the granules of the vitelline cells. On the other hand, it is not 
in agreement with the views of Yosufzai (1953) and others. According to Yosufzai 
(1953) the egg of F. hepatica is first formed when it passes out of the central 
chamber, and he stated that the hyaline secretion of Mehlis’s glands which forms 
the outer shell of the egg of this species has a marked affinity for eosin. In Kélli- 
keria filicollis the first indication of the egg shell being present is about 1-25 mm. 
from the central chamber, and although the present specimens were stained in 
haematoxylin and eosin the egg shell when it was first apparent had no affinity 
for eosin. It is possible, however, that the glandular cells surrounding the proximal 
part of the uterus near the central chamber may play a part in the formation of 
the egg shell, as it is in this region that most of the above-described stages were 
observed. 

Rudiments of the female genitalia occur in the ‘male’ worms (Fig. 10). There 
is a well-defined mass of nucleated tissue ventral to the testis, and from it there 
extends forwards a rod of undifferentiated tissue containing nuclei or in some cases 
a duct, both of which take a course below the vas deferens to open into the genital 
atrium. According to Yamaguti (1934) rudiments of the male and female 
genitalia in the ‘female’ and ‘male’ worms respectively occur in Wedlia orientalis. 
The writer’s description of these genital rudiments agrees closely with Yamaguti’s 
observations. Yamaguti (1953) placed the species Wedlia orientalis in the genus 
K6llikeria. 


VIII. THE SYSTEMATIC POSITION OF KOLLIKERIA FILICOLLIS 


Ishii (1935) divided the family Didymozoidae Poche, 1907, into many subfamilies, 
but his scheme of classification is not generally accepted because, as Baylis (1938) 
has pointed out, Ishii’s subfamilies are based upon unsatisfactory characters. He 
distinguished some of his subfamilies on whether or not the sexes were entirely 
separate, for example he stated that they were separate in KOllikeriinae but not 





Fig. 11. K. filicollis, transverse section through cyst, showing ‘male’ and ‘female’ worms in 
transverse section. The section through the hind-body of the ‘female’ shows the proximal 
end of the ovary and yolk gland. The transverse section of the ‘male’ shows the brain. 

Fig. 12. Transverse section through the cyst, showing ‘male’ and ‘female’ in transverse 
section. This latter shows the fore-body of the ‘female’ emerging from the hind-body. The 
section of the ‘male’ is through the ventral sucker. 

Fig. 13. Transverse section through cyst, showing ‘female’ in transverse section. The section, 
which is through the region of the distal end of the ovary, shows the ventral groove in the 
hind-body. 

Fig. 14. Detailed drawing of the body wall and part of the cyst wall. 
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Fig. 15. K. filicollis. Reconstruction of female genitalia, lateral view. 

Fig. 16. Egg containing embryo. 

Fig. 17. Median sagittal section of the ‘female’ worm, showing ventral groove and positions 
of the ovary and yolk glands. 
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in the Didymozoinae. The present investigation into the anatomy of K. filicollis 
has shown that the sexes are not entirely separate in members of the subfamily 
Kollikeriinae and therefore it cannot be distinguished from the Didymozoinae. 

Yamaguti (1953) listed and described briefly twenty-two genera for the family 
Didymozoidae. His key to the genera, however, is unsatisfactory as it does not 
distinguish clearly between them, for example Tricharchen Poche, 1926, Coelio- 
trema Yamaguti, 1938, and Kéllikeria Cobbold, 1860. Very little is known about 
Tricharchen okenii (KOlliker, 1849), the only species of this genus, and as it was 
found by Kélliker on the same host and in the same habitat as Kollikeria filicollis, 
that is Brama rai, it must be regarded as a genus and species inquirenda. Yama- 
guti’s diagnoses for the genera Kdllikeria and Coeliotrema are almost identical, 
but according to him they differ in their host distribution, in the absence of an 
acetabulum in Coeliotrema and in the presence of rudimentary female genitalia in 
the males of this latter genus. Yamaguti (1953), however, made the following com- 
ment on the acetabulum of the genus Kollikeria: ‘this organ, being subject to 
degeneration is not of more than specific significance in the family under con- 
sideration.’ He also placed Wedlia orientalis, a species which possesses rudimentary 
female genitalia in the ‘male’, in the genus Kollikeria. The only character left, 
therefore, to distinguish his genus Coeliotrema from Kollikeria is host distribution 
and this is not accepted by the writer as being of generic importance. 

Yamaguti (1953) placed five species in the genus Kollikeria, namely K. filicollis 
(Rud., 1819), Cobb., 1860, K. bipartita (Wedl., 1855), K. globosa Ishii, 1935, 
K. orientalis (Yamaguti, 1934) and K. reniformis Ishii, 1935. He stated, Yamaguti 
(1934), that K. orientalis resembles K. bipartita so closely that they can only be 
distinguished by the size of the eggs. K. filicollis appears to be more closely 
related to K. orientalis than it is to the other four species in the genus. 


IX. DIAGNOSTIC FEATURES OF KOLLIKERIA FILICOLLIS 


Cyst-dwelling member of the Didymozoidae Poche, 1907. Sexes not entirely 
separate but the functional ‘males’ and ‘females’ are sexually dimorphic. 

‘Male’ greyish white, filiform, 13-50-17-00 mm. long and 0-41—0-78 mm. broad; 
ventral sucker present; alimentary canal extends to posterior end of body, the 
caeca undulate; testis single, 11-12 mm. in length a short distance behind ventral 
sucker. 

‘Female’ orange yellow, divided into fore- and hind-body; shape of fore-body 
like anterior half of ‘male’; hind-body swollen and reniform; ventral sucker 
present in fore-body; alimentary canal does not extend far into the hind-body; 
walls of the caeca straight with club-shaped distal ends; distal end of unbranched 
ovary almost club-shaped; yolk gland single unbranched; uterus thick-walled, 
muscular in anterior region of hind-body; eggs 0-021 mm. long and 0-016 mm. 
broad. Habitat: ‘males’ and ‘females’ found in orange-yellow cyst attached to 
the epithelium beneath the operculum near the posterior gills of Brama raii 
Bloch. 
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X. SUMMARY 


The anatomy of Kdllikeria filicollis (Rudolphi, 1819), Cobbold, 1860 (Trematoda; 
Digenea) is described in detail. 

An account is given of the integument and musculature of the worm and the 
structure of the cyst in which it is found, followed by a discussion of the body wall 
in other digenetic trematodes. The alimentary canal, excretory system, nervous 
system and genitalia are also described. 

The study shows that the sexes are not entirely separate in all members of the 
genus Kollikeria as hitherto believed. 

The systematic position of K. filicollis is discussed and a specific diagnosis is | 
given for the species. 


The writer is deeply indebted to Dr Gwendolen Rees for her valuable guidance 
in the preparation of the above work, to Professor T. A. Stephenson, F.R.S., 
for his interest and encouragement, to Mr 8. Prudhoe of the British Museum 
for his advice on many taxonomic problems on helminth parasites and for 
allowing me to examine specimens and literature, to Mr H. Atkinson, Managing 
Director, J. Marr and Son Ltd., Fleetwood, for making arrangements for me to 
sail on M.T. Jrvana and to the Department of Scientific and Industrial Research 


who made the investigation possible by giving generous financial aid. 
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I. INTRODUCTION 


Many workers, including Beneden (1849, 1850a, b, 1858-61), Braun (1894-1900), 
Beauchamp (1905), Poche (1925), Southwell (1925, 1930), Woodland (1927), 
Perrenoud (1931), Joyeux & Baer (1936), Wardle & McLeod (1952) and 
Riser (1955), have given accounts of cestodes of the order Tetraphyllidea. An 
examination of this literature and other papers shows nothing which agrees with 
the species described below. 

The description is based upon a study of fifteen entire strobilae and fifty free 
segments found in the spiral valve of four specimens of Hexanchus griseus trawled 
from a depth of about 150 fathoms by the Milford Haven motor-vessel Milford 
Duke at latitude 54° 0’ N. and longitude 11° 15’ W. The parasites were fixed in 
5% formaldehyde. Temporary mounts of fixed specimens were examined under 
a coverslip in water, lactophenol or a solution of glycerine in alcohol. For permanent 
whole mounts Coelestin blue or Ehrlich’s haematoxylin were used as stains, while 
serial sections cut in three planes, transverse, horizontal and sagittal were stained 
with Mallory’s triple stain or with Ehrlich’s haematoxylin and eosin or Orange G. 
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Anatomy of Phyllobothrium sinuosiceps sp.nov. 


It was thought advisable to compare Phyllobothrium sinuosiceps with P. dohrnii 
described in detail by Rees (1946), as the majority of previous accounts of other 
members of the genus Phyllobothriwm are inadequate. 


Il. EXTERNAL FEATURES 
(a) Scolex 


The scolex, in living specimens attached to the mucosa of the intestine, covers a 
circular area up to 12 mm. in diameter. On fixation in formaldehyde it may remain 
attached (Pl. II, fig. 1). contracting together with the intestine to an area of 
only 6 mm. or less. In fixed specimens, detached from the mucosa before fixation, 


Table 1. Comparison of Phyllobothrium sinuosiceps sp.nov. with 





Species 


Type host 


Seolex 


Suckers 


Average length of 
strobila in mature 
specimen 


Cuticle 
Excretory system of 
scolex 


No. of testes 


Cirrus sac 


Vagina 


Uterine pore 


two other species of the genus 


Phyllobothrium 
sinuosiceps sp.nov. 


Hexanchus griseus 
(Gmelin) 


Variable in size. Not 


divided into four 
distinct bothridia. 
Not armed with 
minute spines 


Weakly developed 
0-25 mm. in 
diameter 


200 mm. 


Sealy 


Simple 


700-800 
1-95—2-4 mm. in 
length, 0-15- 
0-30 mm. in breadth 
Thin walled 


Absent 


Phyllobothrium 
lactuca Beneden 
Mustelus vulgaris, 
Day 
Variable in size. 
Apparently divided 
into four much 
folded bothridia. 
Not armed with 
minute spines 
Weakly developed 
0-208 mm. in 
diameter 
200 mm. 


Apparently not scaly 


Details not known 


Approx. 250 
0-38—0-57 mm. in 
length, 0-15- 
0-16 mm. in breadth 


Possesses a thick 
muscular wall 


Present 


Phyllobothrium 
radioductum Kay 
Raja binoculata 
(Girard) 
Variable in size. 
Apparently divided 
into four much 
folded bothridia. 
Armed with minute 
spines 
Weakly developed. 
Diameter not known 


39 mm. 


Scaly 

Complicated and much 
branched 

Approx. 250 

Not known 


Thin walled and 
possessing a well-de- 
veloped terminal 
vaginal sphincter 

Absent 


the scolex is almost spherical, varying in diameter from 3-20 to 6-00 mm. It is 
variable in shape and no two are identical, but in general terms the scolex is 
provided with a series of complicated folds (Text-figs. 2, 8). The folds may be 
differently arranged, but usually there are two to four folds encircling the scolex 
either completely or incompletely, the interruptions in the folds making it very 
difficult to follow their complete course. These, which will be referred to as the 
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main folds, are doubled, trebled or even subdivided along their edges (PI. II, 
figs. 1, 2; Text-fig. 8). In addition, the edges of the main folds and those of their 
subdivisions are frilled. The posterior folds tend to be pendulous and therefore 
overlap the anterior part of the strobila (Text-fig. 8). There are four small suckers 
(Text-figs. 2, 8), varying slightly in position, situated on the folds at the apex of 
the scolex. Each sucker measures about 0-25 mm. in diameter; there is no 
myzorhynchus. 
(b) Strobila and free segments 

In the living state Phyllobothrium sinuosiceps may attain a length of 350 mm. 
but on fixation it may contract to 200 mm. The breadth of the strobila is 1-50 mm. 
immediately behind the scolex, compared with 5 mm. at the posterior end; the 
strobila measures 0-70 mm. in depth anteriorly and 1-80 mm. posteriorly. The 
neck (Text-figs. 1, 2) appears to occupy a quarter to a third of the length of the 
strobila. The segments which follow vary in shape, being usually broader than 
long (Text-figs. 3-6), the posterior segments may attain a length of 5-20 mm. 
which is slightly greater than the breadth. P. sinwosiceps is euapolytic, that is, 
growth and egg production continue after the segments have become detached. 
Detached living segments contract and expand continuously and rhythmically. 
Their shape, therefore, after fixation is variable, but in contrast to the segments 
of the strobila their length, which is 5-00-12-60 mm., is always considerably 
greater than the breadth (Text-fig. 7). The genital atrium is lateral, irregularly 
alternate and usually slightly in front of the middle of the segment. 


Ill. INTEGUMENT AND MUSCULATURE 


The musculature is very much like that of P. dohrnii. 


(a) Strobila 

The cuticle, which is scaly (Pl. II, figs. 5, 6; Text-fig. 8) rests on a basement 
membrane, below which lies the superficial musculature consisting of outer circular 
and inner longitudinal layers of muscle fibres. The circular muscle fibres, which are 
delicate, are equally developed throughout the length of the strobila. The longi- 
tudinal muscles are strongest in the neck region where they form a layer 0-045 mm. 
deep and comprise eight fibres. They are not so prominent towards the posterior 
end of the strobila, the layer there being difficult to detect. 

The deep longitudinal muscle layer in the neck region forms a continuous ring 
0-25 mm. deep around the medulla (PI. I, fig. 1; Text-fig. 8). This layer is distinct, 
separated from the superficial musculature and consists of individual fibres which 
are not arranged in bundles, each fibre measuring 0-005 mm. in diameter. Towards 
the posterior end of the strobila and in the free segments the deep longitudinal 
muscle fibres are, however, arranged in bundles and the layer itself merges into 
the superficial musculature. The foregoing variations in the musculature within 
a single species are of importance as there is some controversy in the literature 
regarding the arrangement of the muscles in the families Phyllobothriidae and 
the Proteocephalidae. Woodland (1927) was of the opinion that in the Phyllo- 
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Text-fig. 1. Phyllobothrium sinuosiceps sp. nov., complete strobila. 
Text-fig. 2. Anterior view. 
Text-figs. 3-6. Segments from different regions of the same complete strobila, dorsal view. 
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Woodland, stating that striking variations 
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gitudinal muscle bundles into cortex and medulla, the 


longitudinal musculature being restricted to an undivided peripheral zone of 
Phyllobothrium sinuosiceps sp. nov., free segment 


-fig. 7. 
showing male and female genitalia, dorsal view. 
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Southwell’s view that variations do occur within a single species, but Woodland 
(1927) may be justified in stating that the arrangement of the musculature is of 
some value to the taxonomist for the following reason. Rees (1946) has shown 
clearly that in P. dohrnii the shape of the deep longitudinal muscle band in the 
anterior region of the strobila is characteristic for this species and can be correlated 

















V.e.V. 


Text-fig. 8. Phyllobothrium sinuosiceps sp.nov., stereograph of scolex showing 
folding of its surface, nervous, excretory and muscular systems. 


with an overlapping of the segments. An overlapping of the segments also occurs 
in P. sinuosiceps, but there is no correlated modification of the deep longitudinal 
musculature. Differences of this nature, therefore, may prove to be of value in the 
identification of some members of the Phyllobothriidae. 

Radial and dorso-ventral muscles are present and are most easily seen in the 
first half of the strobila, although they are weakly developed throughout its 
length. The detail of these muscles is the same as in P. dohrnii. 


(b) Scolex 


The arrangement of the musculature in the scolex resembles very closely that 
of P. dohrnii. A detailed description of this system, therefore, will not be given 
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here. The superficial muscles of the strobila continue into the scolex where they 
become more extensive, forming a complicated network underneath the basement 
membrane. In serial sections of the scolex this elaborate network of fibres has 
the appearance of sections through a very broad shallow sucker (PI. IT, figs. 3, 4), 
as is also the case in sections of the bothridia of P. dohrnii. 

The deep longitudinal musculature is almost indentical with that of P. dohrnii. 
At the base of the scolex, the muscle fibres are arranged in a uniform ring, but 
on entering the scolex they spread out, extending into the folds (PI. IT, figs. 2, 3) 
where they become inserted into the basement membrane anywhere in the wall 
of a fold. In the scolex there is, in addition, a system of deep oblique muscle bands 
which, by crossing one another, demarcate a rectangular area (PI. II, fig. 3), 
enclosing the excretory vessel and parts of the nervous system. The apical suckers 
are composed mainly of radial muscles and possess two extrinsic muscles inserted 
into their lateral margins as in those of P. dorhniit. They are demarcated from the 
underlying parenchyma, but are not as strongly developed as in P. dohrnii. 


IV. NERVOUS SYSTEM 

The ‘brain’ (PI. II, fig. 2; Text-figs. 9-10) consists of right and left anterior and 
posterior cerebral ganglia situated in the scolex. The anterior ganglia (Text-fig. 9) 
are ill defined and measure 0-075 mm. in diameter. They are connected with one 
another by a slightly curved median commissure which is 0-400 mm. long and 
0-090 mm. broad. The ganglia are also connected by a much more delicate ring 
commissure situated slightly behind the median commissure. The posterior 
ganglia (PI. II, fig. 2; Text-fig. 10) which are a short distance behind the anterior 
ganglia are ill defined and are 0-075 mm. in diameter. A lateral longitudinal 
connective, 0-230 mm. long and 0-060 mm. in diameter, joins each anterior ganglion 
to the posterior ganglion that lies behind it. From each of the anterior ganglia 
(Text-fig. 9) arises a dorsal and a ventral nerve, the course taken by these four 
nerves indicating that they supply the four suckers of the scolex. From each of 
the posterior ganglia (Text-fig. 9) arises a dorsal and a ventral nerve to the scolex 
as well as three other nerves which, as will be seen below, supply the strobila. 

The ‘brain’ of P. sinuosiceps is extremely interesting when compared with that 
of P. dohrnii which consists of two dorsal and two ventral ganglia, each ganglion 
giving off two nerves. The ganglia are connected by a transverse and a ring 
commissure. If one imagined that the lateral longitudinal connective of the brain 
of P. sinuosiceps was so diminished that the anterior and posterior ganglia fused, 
then the brain would be almost identical with that of P. dohrnii. It is possible that 
a partial fusion of the ganglia may have occurred in the evolution of the brain in the 
Tetraphyllidea as there is slight evidence from its host distribution and some other 
anatomical features that P. sinuosiceps may be a primitive member of the order. 

The nervous system in the strobila of P. sinuosiceps consists of three nerves 
on each side of the body (Text-figs. 8, 10). They are the median nerve cord and the 
dorsal and ventral subsidiary nerves, all of which extend as far as the posterior 
extremity. 
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V. EXCRETORY SYSTEM 


The excretory system of P. sinwosiceps consists, in the main, of dorsal and ventral 
longitudinal vessels in the strobila (Text-fig. 8) which are connected in the scolex 


to form loops on either side (Text-fig. 9). 




















10 
Text-fig. 9. Phyllobothrium sinuosiceps sp.nov., brain and excretory system, anterior view. 


Text-fig. 10. Brain and excretory system, lateral view. 


The dorsal and ventral longitudinal vessels run throughout the length of the 
strobila, the ventral vessels being connected at the posterior margin of each 
segment by a transverse vessel. The four vessels are of uniform diameter in the 
neck region (Pl. II, fig. 1; Text-fig. 8), but more posteriorly the ventral vessels 
increase while there is a decrease in size of the dorsal vessels. 
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The general arrangement of the excretory vessels in the scolex is like that of 
P. dohrnii. The dorsal and ventral vessels of each side of the strobila extend into 
the scolex and take a similar course (Text-figs. 8-10). Those of one side only will 
be described. The dorsal and ventral vessels converge somewhat on entering the 
scolex and extend as the ascending vessels as far as the median commissure of the 
brain. From here both vessels, which lie one on each side of the median com- 
missure, loop outwards over the ring commissure passing back as the descending 
vessels which run more or less parallel to the ascending vessels. The dorsal and 
ventral vessels on each side continue backwards as far as the posterior margin of 
the scolex; here they diverge slightly, each one looping back towards the centre 
of the scolex, the two vessels meeting to become continuous with one another. The 
looping of the excretory vessels in the scolex is not so extensive as that of other 
members of the genus Phyllobothrium, the vessels appearing to be more elaborate 
in those species which possess well-developed bothridia. The simpler arrangement 
of the excretory system of P. sinuosiceps, together with the simpler arrangement 
of the brain, suggests that it may represent a stage in the evolution of a scolex 
with four bothridia rather than a fusion of four bothridia. 


VI. GENITALIA 

The male and female genitalia in P. sinuwosiceps ripen together in the same region 
of the strobila, there being no evidence of protandry. Rudiments of both systems 
first appear in the middle region and mature progressively from there to the 
posterior end (Text-figs. 4-7). The genital pore is irregularly alternate, the genital 
atrium measuring 0-3 mm. deep and 0-30mm. broad. A very thin cuticular 
membrane continuous with the cuticle of the body wall extends over the genital 
pore, permanently covering the aperture (Text-figs. 7, 11). The writer is not 
aware of a similar membrane existing in other members of the Tetraphyllidea. 
The possible significance of this will be discussed later. 


(a) Male genitalia 


There are between 700 and 800 testes in each segment (Text-fig. 7). In the 
anterior half they occupy the central region while more posteriorly they are lateral, 
being interrupted on one side by the vagina and cirrus pouch. The testes are three 
to four layers deep, spherical in shape and measure 0-105 mm. in diameter. Vasa 
efferentia arise from the testes and converge towards the centre of the segment 
where they unite in groups to form three main vessels which in turn unite to form 
the very much coiled vas deferens which extends forwards. The muscular cirrus 
sac, which is obliquely placed to the genital atrium, lies postero-dorsal to the 
vagina and is 1-95-2-40 mm. long and 0-15-0-30 mm. broad. The vas deferens 
enters the cirrus sac within which it becomes continuous with the muscular cirrus 
(Text-fig. 11). The cirrus in some segments is invaginated (Text-fig. 11), its lining 
being folded like a bellows, while in others it is evaginated and can be seen to 
extend into the vagina of the same segment (Text-fig. 7) for a distance varying 
from 2-00 to 5-25 mm. In some specimens (PI. II, fig. 5) the evaginated cirrus 
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extends along the whole length of the vagina as far as the level of the ovary. Only 
in two segments out of fifty was the cirrus found protruding to the exterior through 
the genital atrium, having ruptured the cuticular covering of the genital pore. 





s.c.m. 














ovd. ove. 


Text-fig. 11. Phyllobothrium sinuosiceps sp.nov., horizontal section through part of free 
segment, showing cirrus sac and vagina. 

Text-fig. 12. Cirrus hooks. 

Text-fig. 13. Median sagittal section through posterior region of free segment. showing parts 
of female genitalia. 


This condition, however, is abnormal for P. sinuosiceps, which point will be dis- 
cussed later. The mechanism by which the cirrus is evaginated and invaginated 
depends on the arrangement of its muscles and on those of the cirrus sac. Longi- 
tudinal muscles derived from the body wall are predominant in the wall of the 
cirrus sac (Text-fig. 11) and, as they contract. pressure is exerted within the sac 
and therefore on the cirrus. If the cirrus is filled with spermatozoa, as it is in all 
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the specimens examined, its walls cannot collapse to compensate for the pressure 
exerted upon it, and even if it did collapse pressure would be created within 
the vagina as the genital pore is blocked with a cuticular membrane. To avoid 
damage, therefore, the only available mechanism seems to be for the circular 
muscles of the cirrus to relax allowing for it to roll outwards and into the vagina. 
The basal portion of the evaginated cirrus (Text-fig. 7) is swollen, being almost 
spherical in shape and contains prostate gland cells. The terminal end of the vagina 
is permanently dilated, presumably to receive the swollen basal portion of the 
evaginated cirrus. The cirrus.is armed with hooks (Text-fig. 12), 0-014 mm. long, 
each hook having the spine sharply demarcated by a shoulder from a swollen 
cylindrical base. The hooks presumably have the function of holding the evaginated 
cirrus within the vagina. 


(b) Female genitalia 


The bilobed ovary which is X-shaped in transverse section is situated at the 
posterior end of the segment (Text-fig. 7). The oviduct arises as an ovicapt (Text- 
fig. 13) on the ventral surface of the ovary and continues posteriorly. It receives 
first the vagina then the median yolk duct before looping antero-dorsally. In the 
course of the loop the oviduct becomes dilated to form the central chamber which 
is surrounded by Mehlis’s glands (PI. II, fig. 6; Text-fig. 13). The oviduct emerges 
from the Mehlis’s gland as the slightly sinuous uterine duct (Text-figs. 7, 13), which 
continues anteriorly in the mid-dorsal line. It opens into the dorsal side of the 
sac-like uterus near the level of the genital atrium (Text-fig. 7). As the uterus fills 
with eggs it becomes more extensive and its surface is lobed. There is some con- 
troversy in the literature concerning the form of the uterus in the gravid segments 
of some members of the Phyllobothriidae, for instance P. lactuca Beneden, 1850). 
According to Beneden (18506) and Southwell (1925), only the free segments 
are gravid. Yoshida (1917) and Woodland (1927), however, noted that the 
terminal proglottides of P. lactuca do not become free and that they contain uteri 
distended with eggs which are discharged through median uterine pores. Linton 
(1897) and Southwell (1930) stated that in most species of the Phyllobothriidae 
examined by them no uterine pores were discovered. Uterine pores are absent in 
P. sinuosiceps and the uteri of both the terminal segments of the strobila and those 
of the free segments contain eggs. The vagina, as already mentioned, has a dilated 
distal end, a feature of the anatomy of the Phyllobothriidae referred to by South- 
well (1930) as the vulva. From the ‘vulva’ the vagina takes an anterior course 
towards the middle line becoming slowly dorsal in position before turning sharply 
backwards. It runs posteriorly in the middle line between the uterus and the 
uterine duct as far as the dorsal side of the ovary where it becomes enlarged to 
form a receptaculum seminis. The latter narrows posteriorly before turning 
towards the ventral side to open into the oviduct (Text-fig. 13). The length of the 
vagina varies from 3-45 to 10-50 mm. depending on the degree of development of 
the segment. The lining of the vagina is ciliated throughout its length. According 
to Pintner (19345) the cilia which line the lumen of the vagina in members of the 
Phyllobothriidae are non-motile, functioning as a non-return valve for the sperma- 
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tozoa. The cilia in P. sinwosiceps, however, may be motile and their function may 
be to aid the passage of spermatozoa towards the receptaculum seminis. The nature 
and disposition of the cilia (Text-fig. 11), in relation to masses of spermatozoa as 
seen from serial sections, supports this view. The yolk glands (‘Text-fig. 7) are 
situated laterally, forming a broad band on each side of the segment extending 
along its whole length on the inner side of the nerve cords enveloping the excretory 
vessels and the testes. 

Some features of the male and female genitalia are interesting and will be 
discussed in relation to fertilization. According to Wardle & McLeod (1952) very 
little is known regarding copulation in the Cestoda. They state: ‘In spite of the 
general belief that an extruded cirrus can be inserted readily into the vagina of 
a proglottid in another part of the strobila, few observations exist to support it. 
Some authorities have thrown doubt upon the supposition. There is a strong sus- 
picion that in the majority of tapeworms there is a single emission of semen into 
the fluid environment and an active migration of sperm cells from the environment 
into the vagina.’ 

According to Hyman (1951) Wolfhiigel is of the opinion that the cirrus is armed 
with large hooks in the Acoleidae of the Cyclophyllidea because a vagina is lacking 
and hypodermic impregnation takes its place as a method for fertilization. It is 
thought that none of these methods of fertilization applies in the case of P. sinuo- 
siceps, the observed anatomical details of the genitalia suggesting that self fertiliza- 
tion of individual segments occurs in this species. Self fertilization would appear 
to be essential to the species as free segments, after their liberation from the 
strobila, continue to grow, producing large numbers of eggs. The cuticular membrane 
covering the genital pore, the structure and mode of function of the cirrus and 
cirrus hooks, the ciliated vagina and its ‘vulva’ may, therefore, be adaptations to 
ensure self fertilization and are the result of specialization in a primitive species. 
The function of the cuticular membrane (Text-figs. 7, 11) may be to prevent the 
cirrus from evaginating through the genital pore. The membrane, however, might 
be perforated by the cirrus and cross fertilization might be achieved but, as has 
already been stated, only in two segments out of fifty was the cirrus found pro- 
truded. In all the others it was either evaginated into the vagina of its own segment 
or remained invaginated within the cirrus pouch. The cirrus hooks suggest that 
hypodermic impregnation of another segment might occur, but the cirrus hooks 
which are more concentrated at the base of the evaginated cirrus are so disposed 
that the cirrus could not be withdrawn again, even for a distance of a few milli- 
metres, without some damage to the surrounding tissues. No such damaged seg- 
ment has been found. Cross-fertilization could possibly take place if the genital atria 
of two segments of the strobila, two free segments or a free segment and a segment of 
the strobila came into direct contact, but the cirrus of one segment has not been 
seen within the vagina of another. Again, the relative position, size and shape of 
the ‘vulva’ in relation to the spherical swelling at the base of the evaginated cirrus 
suggests that its function may be to accommodate the cirrus of its own segment. 
The possibility that the cilia may help to bring about self fertilization cannot be 
ruled out because serial sections of the cirrus and vagina show that the cilia may 
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aid the transportation of masses of spermatozoa towards the receptaculum seminis 
even when the cirrus is invaginated. Lastly there is no need for cross-fertilization 
in P. sinuosiceps because it is not protandric. When protandry does occur in the 
Cestoda, as is usually the case, it is generally agreed that young male segments 
fertilize the more posterior and older female segments. On the other hand, cross- 
fertilization would be difficult to achieve in this instance as the species is euapolytic 
and the chances of free segments meeting in the spiral valve are probably rare, 
especially if only a few segments are present. 


Vil. TAXONOMY OF PHYLLOBOTHRIUM SINUOSICEPS SP.NOV. 
Phyllobothrium sinuosiceps has been tentatively placed in the genus Phyllobothrium 
Braun, 1900, of the Phyllobothriidae, because it resembles many other members 
of the genus including P. lactuca Beneden, 1850, which is the genotype of the 
family. Unfortunately, there is no detailed description of P. lactuca. The original 
description by van Beneden and those by subsequent authors, namely Yoshida 
(1917), Southwell (1925), Woodland (1927), Borcea (1934), Joyeux & Baer (19364) 
and Riser (1955) are very brief and do not agree with one another. As a detailed 
description of the genotype is not available a large number of species have been 
placed in the genus Phyllobothrium because they cannot be placed in any of the 
other ten genera of the family. It is clear from all previous definitions of the 
genus by Beneden (1849, 18500), Braun (1894-1900), Linton (1924), and Southwell 
(1925) that the external form of the scolex was regarded as an important taxonomic 
character and one cannot ignore this completely at present as little or nothing is 
known regarding the rest of the anatomy of many of the species. The result is that 
over thirty species have been assigned to the genus Phyllobothrium and the majority 
of these are inadequately described. P. sinwosiceps may have to be placed in a 
new genus when a complete description of P. lactuca has been made, but at present 
there is no alternative but to include it provisionally in the genus Phyllobothrium. 
The scolex of P. sinuosiceps agrees with that of P. lactuca in size, in the presence 
of four apical suckers and in being very much folded ‘like the leaves of a lettuce’: 
it differs only in that it does not bear four well-defined bothridia. As, however, many 
figures of P. lactuca indicate clearly that it may not bear four distinct bothridia, this 
difference cannot be regarded as a generic character. In addition, it should be 
mentioned that the scolices of many other species, including P. crispatissimum 
Monticelli, 1889, P. radioductum Kay, 1942, P. thridax Zschokke, 1888, and P. uni- 
laterale Beneden, 1850, are also characterized by the same kind of scolex. It has been 
an extremely difficult task to separate P. sinuwosiceps from any which is closely allied 
to it, but having examined all the information that was available on previously 
described species, and Woodland’s (1927) material of P. lactuca at the British 
Museum, it has been concluded that it is related to P. lactuca and P. radioductum. 
In our present state of knowledge the three species can be distinguished by the 
characters shown in the accompanying table. It can be seen that P. sinwosiceps 
differs from P. lactuca in the host species, in the absence of well-defined bothridia, in 
the nature of the cuticle, in the larger number of testes, in the size of the cirrus sa¢ 
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relative to the segment in which it is contained, in the nature of the vagina and 
in the absence of uterine pores. P. sinwosiceps differs from P. radioductum in the 
host species, in its larger size, in the absence of well-defined bothridia armed with 
minute spines, in its simple, compared with a complicated, excretory system, in 
the larger number of testes and in the absence of a vaginal sphincter. 

One aspect of the evolution of the Tetraphyllidea becomes apparent as a result 
of this study and will be discussed briefly here. According to Baer (1952) the most 
primitive tapeworms are found in primitive vertebrate hosts which are undoubtedly 
the fishes. The discovery of P. sinwosiceps, therefore, is interesting as it was found 
in Hexanchus griseus, a member of the Notidanoidea, the most primitive order of 
existing sharks. As several specimens were collected from two sharks accidental 
infestation can be ruled out, and it is reasonable to assume that the species may 
be a primitive member of the Tetraphyllidea. The simple arrangement of the 
nervous and excretory systems and the specialized features of the male and female 
genitalia support the view that P. sinuosiceps may be a primitive species. In 
addition to these the presence of two dorsal and two ventral, but weakly developed 
suckers, and the resemblance of the musculature of the scolex to that of P. 
dohrnii, suggest that the types with four prominent bothridia, each bothridium 
possessing a well-marked sucker may have arisen from a form like P. sinuosiceps. 


VIII. DIAGNOSTIC FEATURES OF PHYLLOBOTHRIUM 
SINUOSICEPS SP.NOV. 


Strobila up to 350 mm. long, cuticle scaly ; attached segments craspedote, broader 
than long; euapolytic, free segments longer than broad; scolex almost spherical in 
shape, 3-20-6 mm. in diameter, possessing four apical suckers not clearly divided into 
four distinct bothridia but bearing two to four complicated folds encircling the 
scolex, the folds are subdivided and their edges frilly; myzorhynchus absent; 
arrangement of the deep longitudinal muscles not correlated with the overlapping 
of the segments; excretory and nervous systems of the scolex simple ; genital atrium 
covered permanently by a cuticular membrane; testes between 700 and 800; cirrus 
pouch 1-95-2-40 mm. long, 0-15—0-30 mm. broad; evaginated cirrus 5-25 mm. long, 
swollen basally, armed with small hooks, 0-014 mm. in length, with sharp points 
and swollen cylindrical bases; vagina thin walled, dilated proximally to form a 
‘vulva’; uterine pore absent. Host: Hexanchus griseus Gmelin. Location: spiral 
valve. 


IX. SUMMARY 


The external features, the excretory, nervous and genital systems of Phyllobothrium 
sinuosiceps sp.nov. (Cestoda: Tetraphyllidea) from Hexanchus griseus are described 
in detail, particular attention being given to the genitalia. 
The species is compared with Phyllobothrium dohrnii, a well-known cestode. 
The systematic position of P. sinuosiceps is discussed and the differences between 
P. sinuosiceps, P. lactuca and P. radioductum are tabulated. 


or 
. 
te 











68 H. Harrorp WILLIAMS 


The simple arrangement of the nervous and excretory systems, the specialized 
features of the genitalia and host distribution suggest that P. sinwosiceps may be 
one of the most primitive species belonging to the family Phyllobothriidae.. 


The writer is deeply indebted to Dr Gwendolen Rees for her invaluable 
guidance in the preparation of the above work, to Professor T. A. Stephenson, 
F.R.S., for his interest and encouragement, to Mr S. Prudhoe of the British Museum 
for his advice on many taxonomic problems on helminth parasites and for allowing 
me to examine specimens and literature, to Mr H. Rossant, O.B.E., Secretary, 
Trawler Owners Association Ltd., Milford Haven, for making arrangements for 
me to sail on motor vessel Milford Duke, and to the Department of Scientific and 
Industrial Research who made the investigation possible by giving generous 
financial aid. 


KEY TO LETTERING OF TEXT-FIGURES 


a.c.g. anterior cerebral ganglion N.C. nerve cord 

b.m. basement membrane o.d.m. oblique deep muscles of scolex 

e: cirrus ov. ovary 

C.c. central chamber of Mehlis’s gland ove. ovicapt 

e.h. cirrus hooks ovd. oviduct 

ci. cilia p.c.g. posterior cerebral ganglion 

co. cortex pg. prostatic gland cell 

C.8. cirrus sac r.8. receptaculum seminis 

cum. cuticular membrane 8. sucker 

d.c. dorsal commissure 8.C. scaly cuticle 

d.e.v. dorsal excretory vessel 8.c.m. superficial circular muscles 

dl.m. deep longitudinal muscles s.lm. superficial longitudinal muscles 

dn. dorsal nerve t. testis 

d.s.n. dorsal subsidiary nerve t.y.d. transverse yolk duct 

€.v. excretory vessel ut. uterus 

¥ folds of scolex ut.d. uterine duct 

fi. posterior flap of segment v.d. vas deferens 

g.a. genital atrium v.e.v. ventral excretory vessel 

l.c. longitudinal commissure v.ef. vas eferens 

me. medulla v.C. ventral commissure 

m.c. median commissure vn. ventral nerve 

mg. Mehlis’s gland vag. vagina 

m.y.d. median yolk duct v.8.n. ventral subsidiary nerve 

n. neck y. yolk gland 
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EXPLANATION OF PLATE [1 
Key to lettering 


acg. anterior cerebral ganglion ov. ovary 

¢. cirrus ove. ovicapt 

CC. central chamber of Mehlis’s gland ovd. oviduct 

dev. dorsal excretory vessel p.c.g. posterior. cerebral ganglion 
dlm. deep longitudinal muscles rs. receptaculum seminis 
din. dorsal nerve t. testis 

ev. excretory vessel ut. uterus 

Le. longitudinal commissure ut.d. uterine duct 

m.c. median commissure v.e.v. ventral excretory pore 
mg.  Mehlis’s gland U.N. ventral nerve 

my.d. median yolk duct vag. vagina 


o.d.m. oblique deep muscles of scolex 

Fig. 1. Phyllobothrium sinuosiceps sp.nov., vertical section through scolex attached to the 
mucosa of the spiral valve. 

Fig. 2. Vertical section through scolex, showing deep oblique muscles, excretory system and 
‘brain’. 

Fig. 3. Transverse section through scolex slightly posterior to the ‘brain’, showing deep 
oblique muscles, deep longitudinal muscles and excretory vessels. 

Fig. 4. Transverse section through scolex, showing ‘brain’ and excretory vessels. 


Fig. 5. Median sagittal section through posterior region of a free segment, showing relative 
positions of the male and female genitalia. 


Fig. 6. Transverse section through posterior region of free segment, showing female genitalia. 


(MS. received for publication 2. x11. 1957.—Ed.) 
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THE LIFE HISTORY AND PATHOGENICITY OF E/I.WERIA 
MELEAGRIMITIS TYZZER 1929, IN THE TURKEY POULT 


By M. J. CLARKSON 
Department of Veterinary Preventive Medicine, University of Liverpool* 


(With 6 Figures in the Text) 


INTRODUCTION 
In the U.S.A. seven species of Himeria have been described in the turkey, and a 
previous paper (Clarkson, 1958) has dealt with the life cycle and pathogenicity of 
one of them, FE. adenoeides, in Great Britain. This paper deals with a second species, 
E. meleagrimitis. 

Tyzzer (1929) gave a brief description of 2. meleagrimitis, dealing particularly 
with the morphology of the oocysts and its similarity to Z. mitis in the chicken. He 
stated that the site of infection was the small intestine, particularly the lower 
portion, and that the prepatent period was 6 days. He also gave a brief description 
of some of the developmental stages. The species was not considered to be very 
pathogenic as only two deaths occurred in the course of many experiments. 

Hawkins (1952) studied the coccidia of the turkey in much greater detail. 
He described the tissue stages, pathogenicity and pathology of EL. meleagrimitis 
infection and stated that this species was the only one which had serious effects on 
poults and produced 100% mortality in young birds. 

There have been brief general references to EZ. meleagrimitis in Great Britain 
as causing disease in the field. but the species was identified merely by the site 
of development in the intestine and oocyst measurements (Wilson, 1951; Ford, 
1956). 

In a paper dealing mainly with clinical coccidiosis in turkeys (Clarkson & 
Gentles, 1958), the pathology and pathogenicity of E. meleagrimitis was briefly 
described. In the present paper a detailed account is given of the life cycle and 
host-parasite relationships of a pure strain of this species. 


MATERIALS AND METHODS 


These were essentially the same as used in the study of 2. adenoeides (Clarkson, 
1958) which should be consulted for details. Coccidia-free poults were used 
throughout the study and a pure strain of EL. meleagrimitis was obtained by the 
selection of a single oocyst and subsequent passage through poults. 

The oocyst was obtained from a clinical case of coccidiosis, in which the lesions 
did not resemble those of . adenoeides and were mainly confined to the duodenum 
and upper intestine. 

For the study of the life cycle, sections and smears were prepared from twelve 
sites throughout the intestine. 


* Present address: Liverpool School of Tropical Medicine, Pembroke Place, Liverpool 3. 
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RESULTS 
(a) Life cycle 
Localization of stages in the intestine. The asexual generations occur mainly in 
the upper small intestine, the greatest concentration being in the upper jejunum, 
with extension up into the duodenum and down to the region of the rudimentary 
yolk stalk. Each succeeding stage of development shows a progressively greater 
spread. Thus, sexual stages may be found in almost any part of the intestine, 
including the caecum and rectum (Fig. 1). The greatest concentration of gameto- 
eytes. however, is in the duodenum and upper jejunum. The sporozoites invade 





Fig. 1. Localization of first asexual and sexual generation of FE. meleagrimitis in the 
intestine of the turkey. 


the tips of the villi, but migrate down the villi in the lamina propria to reach 
the glands. No first-stage schizonts have been seen anywhere except in the 
glands. This route of entry and migration is the same as that recorded by van 
Doorninck & Becker (1957) for E. necatrix in the chicken. The second-stage 
schizonts develop in colonies in the deep glands, but also commence to spread up the 
villi. The third-stage schizonts, the significance of which will be discussed later, 
occur in all parts of the villi, but never have been found in the glands. The sexual 
stages are never found in the glands and mainly parasitize the tips of the villi, 
but also spread down the sides. 

Sporozoites (Fig. 2A) were indistinguishable from those of other species of 
Eimeria and exhibit the same types of movement when examined on a warm 
stage, as has been described for LE. adenoeides. Smears stained by Giemsa’s method 
showed the nucleus near the centre, several granules in the pointed end, and the 
posterior rounded part of the sporozoite occupied by a pale-blue ‘globule’. As 
already mentioned. sporozoites entered the cells only at the tips of the villi and 
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their progress down the villi could be followed in sections up to 24 hr. by the 
presence of the characteristic ‘globule’ in their posterior end. Trophozoites 
(Fig. 2B) developing beneath the cell nucleus were seen after 12 hr. in the gland 
epithelial cells and by 24hr. the nucleus of some had commenced to divide 
(Fig. 2C). By 48 hr. many of the first-stage schizonts were mature, had pushed the 
nucleus of the enlarged epithelial cell into the gland lumen and contained 80-100 
merozoites (Fig. 2D, E). They varied somewhat in size, but were usually about 
17x13. Many of the developing first-stage schizonts. which could be distin- 
guished by the ‘globule’ stained grey with Heidenhain’s iron haematoxylin, had 
undergone only a few divisions and many mature schizonts were found up to 66 hr. 
and a few even later than this, so that the first asexual cycle was usually completed 
in 2-2} days. First-stage merozoites (Fig. 2F) moved by contraction and elonga- 
tion, their average size in stained smears was about 4-5 x 1-5 ~ and the nucleus 
was situated in the rounded end. 

As early as 48 hr. after infection small uninucleate trophozoites (Fig. 2G) were 
seen developing in small groups or ‘colonies’, generally in the glands but with some 
spread up the villi. The colonies were presumably produced by the rupture of a 
first-stage schizont in the gland, the released merozoites invading a large number of 
adjacent epithelial cells. The trophozoites developed rapidly and by 66 hr. the 
majority were mature, measuring 8 x 7 and containing 8—16 merozoites (Fig. 2H). 
A few were seen as early as 60 hr. after infection. They were usually situated just 
beneath the brush border of the epithelial cell, but some developed deep, beneath 
the cell nucleus, almost on the lamina propria. Thus the second asexual cycle was 
largely completed by the end of the third day, though a considerable lag occurred 
as with the first asexual cycle. The second-stage merozoites (Fig. 21) were larger 
than the first and measured about 7 x 1-5 ~; the nucleus was near the centre and 
there were a few small red granules in the pointed end. 

In all other Zimeria species studied in birds the majority of the second-stage 
merozoites give rise to the sexual cycle, but in this species a third asexual cycle 
occurs before any merozoites proceed to develop into gametocytes. Even as early 
as 72 hr. after infection trophozoites were found along the villi, reaching even to 
its tip, and third-stage schizonts (Fig. 2J) containing 8-16 merozoites were mature 
by 96 hr.: a further generation of merozoites was thus produced at this time. These 
schizonts were of tne same size as the second, but many possessed residual bodies; 
some of them developed deep to the cell nucleus but the majority were above the 
nucleus; they were never found in the glands of the mucosa. Third-stage merozoites 
(Fig. 2K) were of the same size as the second-stage, but the granules in the pointed 
end were more clearly defined. fewer in number but larger in size, and the nucleus 
was much nearer the rounded end of the merozoite. 

The sexual generation (Fig. 2L) was produced by the invasion of the epithelial 
cells, particularly at the tips of the villi, by these merozoites. Macrogametes and 
mature microgametocytes (Fig. 2M) were first found 114 hr. after infection and 
were of the same general morphology as those of other Eimeria species, but 
considerably smaller than those of LZ. adenoeides. The gametocytes varied in size. 
but the average was 15 x 11 ~ compared with 20 x 18 yin EL. adenoeides. The micro- 
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gametocyte had a rounded residual mass. The great majority of the gametocytes 
develop above the nucleus of the parasitized cell. Microgametes (Fig. 2N) were 
found in large numbers in a bird which died at 6 days and showed two long flagella. 

The prepatent period was determined in twenty-five birds by collecting faeces 
at 2-hourly intervals. The average prepatent period was 116 hr. with a range of 








Fig. 2. Life cycle of E. meleagrimitis. A, Sporozoite; B, trophozoite: 24 hr.; C, developing 
schizont : 36 hr.; D, mature first-stage schizont, pushing cell nucleus into gland lumen: 48 hr.; 
E, ruptured schizont in gland lumen, two merozoites having re-entered cells: 48 hr.; F, first- 
stage merozoites; G, developing second-stage schizonts: 60 hr.; H, mature second-stage 
schizonts; I, second-stage merozoites: J, mature third-stage schizonts: 96 hr.; K, third-stage 
merozoites; L, developing gametocytes: 109 hr.; M, macrogamete, oocyst and mature micro- 
gametocyte: 114 hr.; N, microgametes; O, sporulated oocyst. A, F, I, K, and N, Giemsa 
stained smears; O, fresh preparation; remainder from sections stained with Heidenhain’s 
iron haematoxylin (camera lucida). The thick line represents the base of the epithelial cells. 
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114-118 hr.; this range is much less than that recorded for L. adenoeides under 
identical experimental conditions. 

The oocysts (Fig. 20) are subspherical. Measurements of 150 sporulated oocysts 
were 20-09+ 1-95 w long and 17-33+1-71 ~ wide, the length: width ratio being 
1-:16:1 (Fig. 3). When placed in 2-5°% potassium dichromate, sporulation was 
complete within 24 hr. at 26+1°C. A refractile granule was present in the fully 
sporulated oocyst. 
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Fig. 3. Histogram of width and length of 150 oocysts of E. meleagrimitis in 
intervals of ly. 


(b) Pathogenicity 

The symptoms and mortality rate have been briefly presented in a previous 
paper (Clarkson & Gentles, 1958), and further work has confirmed that EF. melea- 
grimitis is pathogenic, causing mortality in young poults up to the age of 6 weeks. 
As with E. adenoeides, an age resistance develops which is not dependent on 
previous infection (Table 1). Mortality rate is high in birds of about 1-3 weeks 
of age, but is not usually so high as in EZ. adenoeides infection, although reduction 
in weight gains occur at all ages and persist longer (Figs. 4-6, Table 2) and infected 
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Table 1. Effect of age and size of infective dose on mortality 


Dose 


Age of poult no. of sporulated 


(weeks) (oocysts) 
1} 100,000 
3 100,000 
3 200,000 
4 100,000 
4 300,000 
4 400,000 
5 200,000 
5 1 x 106 
10 2x 106 


Mortality * 


5/8 
8/22 
4/6 
0/8 
4/10 
3/3 
0/4 
2/5 


0/4 


* Numerator: number of birds dying; denominator: number of birds dosed. 
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Fig. 4. Mean weight gain and food consumption of three groups, each of eight 3-week-old 
poults. Group 1: uninfected controls; group 2: infected with 25,000 oocysts; and group 3: 


with 100,000. 
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birds never catch up on uninfected controls. Food utilization is reduced in the 
infected birds (Table 3). 

Due to the great difficulty in maintaining large numbers of older birds free from 
coccidia, the two graphs of the 5- and 7-week-old birds (Figs, 5, 6) do not include 
an adequate number of controls and are based on only a small number of birds, 
but as the changes are very marked it seems justifiable to draw some conclusions 
from them. 


1000 - @ 5-week-old resistant poult, previously 
infected at 2 weeks of age 


900 o Average of four coccidia-free poults 
of same hatch 





800 


700 


600 





| j 
2 10 15 


= 





300 
0 


Days after infection 
Fig. 5. Weight of previously infected 5-week-old poult compared with average weights 
of four coccidia-free poults of the same hatch. 


Fig. 5 was constructed from an experiment on five birds of the same hatch. four 
of which were kept coccidia-free, whereas the fifth bird was the survivor of a 
group of four birds which were infected with 200,000 oocysts at 3 weeks of age, as 
aresult of which it suffered severely from coccidiosis and lost a considerable amount 
of weight. The five birds were then infected with 200,000 oocysts at five weeks of 
age, and the average weight of the four previously uninfected birds compared with 
the weight of the recovered bird. The ‘crossing-over’ of the graphs showed that the 
previous infection had rendered this bird resistant, so that it suffered no disease 
from this second infection. It may thus not be a good thing to maintain birds 
relatively coccidia-free by husbandry practices since serious weight losses may 
occur when they meet heavy coccidial infections later on. 

Fig. 6 shows the result of infecting 7-week-old birds with four daily doses of 
100,000 oocysts, thus simulating field conditions more nearly. The losses in weight 
extend over a longer period than with a single dose. 


(c) Pathology 


Macroscopic. All the pathological changes were restricted to the intestine, 
except for loss of condition in birds which suffered a serious attack of the disease 
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but did not die, in which case the skin was firmly adherent to the underlying breast 
muscle, which was much darker in appearance than normal, denoting dehydration. 
No changes were seen in the intestine until the end of the fourth day, when 
excessive mucus was present containing masses of merozoites and small amounts of 
blood and other cells. On the fifth and sixth days the duodenum became enlarged 
and the vessels congested. On opening the duodenum a red-brown necrotic core 
was seen which, in freshly killed birds, was firmly adherent to the mucosa. This 
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Fig. 6. Weights of four 7-week-old coccidia-free poults infected with four daily doses 
of 100,000 oocysts. 


core extended a small way into the upper small intestine. The remainder of the 
intestine was congested and most of the small intestine showed petechial haemor- 
rhages in the mucosa which were not visible through the serosa. On the seventh 
day rapid regeneration of the duodenal epithelium occurred, so that it appeared 
normal macroscopically but the necrotic material could often be found further 
down the intestine or in the faeces. 

Microscopic. As in the case of HL. adenoeides, the host reacts to infection with 
E. meleagrimitis by a local eosinophilic infiltration of all parts of the intestine 
within 2 hr. of infection, and this reaction continues throughout the course of the 
infection so far as it has been studied—i.e. up to 10 days from first infection. The 
maximum numbers of eosinophiles were observed in birds which had been infected 
about 24—48 hr. 

Other pathological changes were not marked until late in the life-cycle, when 
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the bird was seriously affected with clinical disease and they were associated with 
the development of the sexual stage of the parasite late on the fifth day after 
infection. The lesions develop with great rapidity, so that sections of the duodenum 
of birds heavily infected at 96 hr. showed no striking abnormalities except the 
developing parasites, whereas by 120 hr. profound pathological changes were 
present. Many of the infected villi gave the appearance of having lost their tips 
so that the lumen of the duodenum contained masses of developing stages, epi- 
thelial cells and considerable numbers of red blood cells. All the blood vessels of 
this region were congested; many of the epithelial cells around the villi were pale 
staining and appeared necrotic, and numerous bacteria were seen in the necrotic 
tissue in the lumen of the intestine. These changes were found in birds which died on 
the sixth or seventh day from infection, but resolution rapidly occurred in recovered 
birds. and by the eighth day very little abnormality could be seen, except an 
increased cellularity of the lamina propria. No extensive fibrosis or thickening 
of the intestine was seen. 


DISCUSSION 
In order to identify this species of Eimeria as E. meleagrimitis it has been necessary 
to compare the description given by workers in the U.S.A. with the characters 
described in this paper. 

From the morphology of the oocysts there appears no doubt that this species 
is E. meleagrimitis since it is the only one so far described which has a subspherical 
or ovoid oocyst with a refractile granule when sporulated. The measurements of 
the oocysts are fairly close to those given by Tyzzer (1929) and Hawkins (1952). 
The subspherical oocysts of E. innocua and E. subrotunda do not possess a refractile 
granule (Moore, 1954). 

When comparing Tyzzer’s original brief description with Hawkins’s more 
complete study. however, several points of difference occur and my results are 
not in absolute agreement with either worker. Thus Tyzzer stated that develop- 
ment occurred throughout the small intestine but was greatest in the lowest portion. 
Hawkins found that the jejunum (i.e. anterior to the rudimentary yolk stalk) was 
more heavily parasitized than other sites, though development occurred in every 
part of the intestine, but he does say, however, that in heavy infections much of 
the epithelium of the jejunum is removed and then the sexual stages develop in the 
duodenum or ileum. I found that the sexual stages in a heavy infection could 
develop in any part of the small or large intestine, but that the anterior part of the 
intestine, especially the duodenum. was most heavily parasitized, even in light 
infections. 

The prepatent period is considered to be of importance in determining specificity, 
and both Tyzzer and Hawkins found this to be 6 days, although the latter worker 
had one group of birds with a prepatent period of only just over 5 days. The 
average prepatent period of my species was 116 hr. but the longest was only 118 hr. 
This difference does not appear to be of great importance, however, as recent work 
on other Himeria species has reduced the prepatent period by a day on earlier 
descriptions (Edgar, 1955; Davies, 1956). It is also obvious that the accuracy with 
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which the prepatent period can be determined depends on the frequency of faeces 
collection. Hawkins found the sporulation time of HZ. meleagrimitis to be 48 hr. at 
‘room temperature’, whereas I found almost 100°% sporulation in only 24 hr. at 
26° C. This difference is obviously of no significance, since temperature profoundly 
affects sporulation time (Marquardt, 1957; Pérard, 1925). Tyzzer did not state the 
sporulation time of his strain. 

It is when one considers the tissue stages that the most important differences 
occur. Tyzzer did not describe these in any detail, merely stating that the schizonts 
measure 6-9-5 by 5-8—7-7 yu (i.e. small) and usually produced about sixteen relatively 
short and thick merozoites. Hawkins’s description agrees with this, but he showed 
that there were two asexual generations, the schizonts of which were morphologic- 
ally indistinguishable and were small, containing about twelve merozoites. He also 
described a slightly larger third-stage schizont occurring with thesexual generation. 

The present work shows that there are three distinct asexual generations before 
the commencement of the sexual generation. In many Himeria species there are 
only two schizogony cycles before the formation of gametocytes (Tyzzer, 1929; 
Tyzzer, Theiler & Jones, 1932), though Schaudinn (1900), in the first complete 
description of the life cycle of an Himeria species—E. schubergi in the centipede— 
considered that there were probably four or five such asexual generations, and 
Carvalho (1944) described four schizogony cycles of EZ. neoleporis in the rabbit. 
In other species of Himeria, however, only one schizogony cycle occurs (Hammond, 
Bowman, Davis & Simms, 1946: EH. bovis; Lotze, 1953: EH. arloingi). Finally, 
the exact number of asexual generations in some species of Eimeria could not be 
determined (Lapage, 1940: EF. caviae; Davis & Bowman, 1957: EL. ziirnii). One 
can only conclude that in the genus Eimeria there is no fixed number of schizogony 
cycles before the commencement of sporogony and that the number varies with 
the particular species concerned. 

However, the differences reported in the present work compared with Hawkins’s 
description need to be considered. The second- and third-stage schizonts of my 
species correspond closely to the first and second of Hawkins’s, except that he states 
that no stages were ever found in the glands, whereas I frequently found groups of 
second-stage schizonts in the glands. My first-stage schizont is mature by 48 hr., 
and was found only in the glands. Hawkins first found parasites in a bird killed 
at 47 hr., although birds infected for shorter periods were examined. One wonders 
if the first-stage schizonts were missed by Hawkins as he only found uni- or 
binucleate forms at 47 hr., which would seem very late for the development of the 
first asexual generation. Many of my sections show these stages belonging to the 
second generation at 48 hr., and it is very easy to miss the first-stage schizont unless 
large doses of sporulated oocysts are given. The first-stage schizont can be distin- 
guished by the presence of the refractile ‘globule’ which has also been described 
in E. adenoeides and other species (Tyzzer, 1929; Lotze, 1953), so there is no doubt 
that the first generation in my strain of H. meleagrimitis is completed by 48 hr. 
The point arises as to whether there are actually two asexual generations after 
this one and before the sexual generation, since the two schizonts are morpho- 
logically very similar. Slight morphological differences have been noticed, such 
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as the presence of a residual mass in many of the third-stage schizonts and the 
position of the nucleus and the size of the granules in the merozoites, but natural 
biological variation may account for these differences. 

In other Eimeria species there appears to be some localization of stages along 
a villus as well as along the intestine. Moore & Brown (1951), for instance, used 
this difference in site of development as one of the reasons for describing LZ. ade- 
noides as a new species, its sexual generation being found in the glands as well as 
the villi. My experience of EL. meleagrimitis shows that the second stage occurs 
commonly in the glands, whereas the third stage is always along the villi and never 
in the glands. The time relationships of the different stages also support the view 
that there are three asexual generations before the sexual generation. Thus the 
peak of first-stage merozoites occurs at 48 hr., the second at 66 hr., and the third 
at 96 hr. Small second-stage schizonts containing mature merozoites were even 
seen as early as 60 hr. and it would seem most unlikely that they would not give 
rise to mature sexual stages until 54 hr. later (114 hr. after dosing). 

Confirmatory evidence of the presence of three asexual generations was obtained 
by counting the number of oocysts produced by feeding a known small number of 
oocysts. Three birds were each given 800 sporulated oocysts and the oocyst output 
counted from the fifth to the twelfth day, by which time very few oocysts were 
being passed. One bird passed some 31 million oocysts, whilst the other two passed 
24 million each, an average of 33,000 oocysts for each oocyst fed. When one con- 
siders that some oocysts may not have excysted, considerable numbers of mero- 
zoites would be lost in the faeces and that not every oocyst would be recovered 
from the faeces, oocyst output must be even greater than the figures suggest. Two 
generations of merozoites would be insufficient to produce this number of oocysts 
even if the maximum number of merozoites in each generation are used to make 
the calculation (100,16). 

There would thus appear to be abundant evidence that in 2. meleagrimitis 
three asexual generations occur before the sexual generation. 

The situation of the parasite in the cell, particularly in relation to the cell 
nucleus, is another feature which Tyzzer used in determining specificity. In the 
case of L. meleagrimitis, Tyzzer mentioned that many of the schizonts are found 
beneath the cell nucleus, though Hawkins found the sexual stages only developed 
deep beneath the cell nucleus. I found the first-stage schizont was always beneath 
the cell nucleus, whereas in the succeeding stages the great majority were above it. 
Reports on the pathogenicity of L. meleagrimitis are at variance. Whereas Tyzzer 
did not consider E. meleagrimitis to be very pathogenic, Hawkins (1952) and Moore 
(1954) reported a high mortality in young poults. I found FZ. meleagrimitis to be 
pathogenic for young birds but, as in the case of H. adenoeides, an age resistance 
develops which is not dependent on previous infection. 

Consideration of all these points of similarity and difference and the use of 
Tyzzer’s criteria for identifying species of Himeria (Tyzzer, 1928) leaves no doubt 
that the species described in this paper is Z. meleagrimitis. As in the case of E. ade- 
noeides I was unable to obtain a strain from the U.S.A. to compare with my own 
strain by cross-immunity studies. 
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SUMMARY 


The life cycle and pathogenicity are described of a pure strain of Eimeria isolated 
from turkey poults in Great Britain and identified as E. meleagrimitis. 

There were three schizogony cycles followed by a sexual generation. 

The coccidium produced a high mortality and loss of weight in young poults. 
An age resistance developed by the time the poults were 8-10 weeks of age. 

The pathology of the infection is described. 


I would like to thank Professor E. G. White for his guidance throughout this 
work and for criticism of the manuscript and Miss Moya Gentles for valuable 
assistance. This work was carried out with the aid of a grant from the Agricultural 
Research Council. 
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I. INTRODUCTION 


There are few records in the literature of internal parasitism of drosophilids by 
nematodes. Basden & Goodey (1955) cited three and added a fourth by recording 
the parasitism of fruit flies at Edinburgh, Scotland, by an undescribed species of 
Allantonematidae Chitw. & Chitw., 1937. Investigations made at Rothamsted 
Experimental Station, Harpenden, Herts, England, revealed the occurrence of this 
species, and of another new species, as well as of an unidentified species in six of 
the twelve species of fruit flies captured. 

In preliminary studies in 1954, fruit flies were collected daily in the Manor 
Woods at Rothamsted with baits of drosophila medium (Demerec, 1948). Collections 
were made weekly from 1 January 1955 to 1 October 1956, from traps of a design 
used by Basden (1954). Most of the flies were identified by the author, but doubtful 
cases were sent to Mr E. B. Basden, Edinburgh, for confirmation. Flies were 
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dissected in Ringer’s solution and the nematodes fixed in Ditlevson’s mixture or 
in the neutralized formalin mixture of Courtney, Polley & Miller (1955), stained 
in cotton blue lactophenol (Franklin & Goodey, 1949), and mounted by Baker's 
(1953) method. 


Il. HOWARDULA AORONYMPHIUM SP.NOV. 
Description* 


Adult female. Holotype: L 1-88 mm.; W 0-164mm.; a 11-5; EL 46-59 y; 
EW 34-36 w. Paratypes: eggs in uterus; L 1-28—1-52 mm., av. 1-39 mm.; W 0-152- 


0-163 mm., av. 0-158 mm.; a 8-4-9-3; » 3; eggs and larvae in uterus; L 1-3]1- | 


4-41 mm., av. 2:05 mm.; W 0-127—-0-279 mm., av. 0-201 mm.; a 64-15; n 14. 

Head broadly rounded. Body of equal width throughout its length, but tapering 
to rounded tail tip (Fig. 1); usually C-shaped, often with head and tail overlapping. 
Cuticle thicker on head and tail (4-6 ~) than on body (2-3 ), and smooth though 
slightly folded in tail region. Lateral fields, lip structures, stoma, and stylet not 
visible. Structures in head degenerate and crowded together. Paired oval bodies 
(lateral structures of Thorne, 1935), with bright refractory centres, 21-25 by 
17-19 in diameter and situated 20, below cuticle, with which they have no 
visible connexion, and 0-11 mm. from the head. Gonad single, with two reflexes 
separating the uterus, oviduct, and ovary; ovary with small reflex in head; main 
portion of ovary and oviduct two-fifths as long as body ; triangular-shaped recepta- 
culum seminis in head; uterus extending from head to tail and filling posterior 
three-fifths of the body. Eggs and larval nematodes present. Vulva and anus not 
visible. Tail with several large cells with clearly defined nuclei. Worm often en- 
sheathed with host tissue. 

Adult male. Allotype: L 0-461 mm.; W 0-015 mm.; a 31; c 7-5; T' 61%. Para- 
types: L 0-361-0-475 mm., av. 0-444 mm.; W 0-012-0-016 mm., av. 0-015 mm.; 
T 53-66%; a 28-34; c 7-0-8-7; n 23. 

Body tapering anteriorly from region of excretory pore and posteriorly from 
anal region to tail tip (Fig. 2A). Preserved material translucent under low mag- 
nification and curved slightly ventrally. Cuticle finely striated throughout, espe- 
cially on head, where the striae are less than 1 ~ wide. Striae broken by well-defined 
lateral fields extending from just behind head to tail tip. Lateral field 4 wide at 
middle of body and with several incissures. Deirids in plane of excretory pore. 
Head rounded and not set off. Lips, papillae, amphids, stoma, and stylet not 
visible. Vague outline of oesophagus widening and curving as it extends back until 
displaced by testis. Excretory pore 98, from tip of head, the duct extending for 
a short distance at right angles to cuticle. Faintly defined hemizonid immediately 
anterior to excretory pore. Intestine with vacuolate structure near excretory pore. 
Single testis filling most of body and hiding intestine; filled with sperms and 
tapering to vas deferens. Two spicules each gently curving from broad base to 
blunt, squarish end. Left spicule 19, and right 21 long. Bursa and gubernaculum 
absent. Two swollen cells and traces of tubules present in tail. Tail usually curving 


* See p. 102 for explanations of systematic abbreviations. 
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in preserved specimens; narrowing gradually, with characteristic kink halfway 
along its length and with tip bulbously expanded (Fig. 2B). 

Fourth-stage free-living female. Type: L 0-477 mm.; W 0-014 mm.; A 0-064 mm. ; 
a 34; ¢ 7-4; V 83%. Paratypes: L 0-423-0-477 mm., av. 0-449 mm.; W 0-013 
0-015 mm., av. 0-014 mm.; V 79-83 %; a 31-35; L of stylet 14-15; L of excretory 
pore from anterior tip of head 0-084—0-104 mm.; L of gonad in front of vulva 
0:100-0-139 mm.; L of gonad behind vulva 3-7; n 10. 

Body tapering gradually from nerve ring to head, and in posterior fourth (Fig. 3). 
Preserved specimens curved slightly ventrally. Cuticle bearing minute transverse 
striae, less than a micron wide on head but wider on body. Lateral fields 3-4, 
wide at middle of body. Head not set off; lip region slightly swollen. Stoma visible 
and mouth terminal. Stylet 12~ long with conical tip and shaft 1 in diameter. 
Basal knobs not present. Oesophageal lumen (2, wide) curves ventrally from base 
of stylet. Dorsal gland with duct joining slightly swollen oesophageal lumen at 
25 from tip of head. Oesophageal lumen (1 wide) terminating 15y farther back 
in an enlarged junction with ducts of subventral glands. Behind this junction are 
traces of the vacuolate structure of the intestine. Dorsal gland extending forward 
to within 14y of front of head and appearing to fuse posteriorly with subventral 
glands. Subventral glands fused, tapering near nerve ring to a quarter of body 
width, widening again, and terminating ventrally immediately anterior to the 
ovary. Nerve ring 91y from tip of head. Excretory pore 94 behind nerve ring, 
with a short duct visible at right angles to cuticle. Intestine occupying half of 
body width a short distance behind excretory pore. Ovary ventral, 0-17 mm. 
from head; 38 long and 6y wide, consisting of five to seven well-defined cells. 
Gonad narrowing behind ovary to form oviduct initial of indistinct cells. Uterus 
thin-walled, filled with sperms, 92 long, and with a maximum width of 7). 
Vulva and vagina difficult to discern, though former often indicated by slight 
swelling of cuticle. Uterus extending to 12 behind vulva. Intestine, with vacuo- 
lated structure, displaced by gonad to end of uterus, then crossing to the mid-line. 
Faint trace of anus 52, from tail tip. Cells of unknown structure present in tail. 
Tail displaying slight kink and tapering to minute, slightly bulbous tip. 

Larval stages described below. 

Host and locality. The type material was found in the abdominal haemocoele of 
a specimen of Drosophila phalerata Meig. (Diptera: Drosophilidae) trapped in the 
Manor Woods, Rothamsted Experimental Station, Harpenden, Herts, England. 
The species was also found in D. kuntzei Duda. The holotype and the allotype are 
inthe British Museum (Natural History). Series of paratypes are in the Nematology 
Collection, Rothamsted Experimental Station, and the Canadian National Collec- 
tion of Nematodes at Ottawa and Belleville. 

Diagnosis. A species of Howardula displaying ovoviviparity. Gravid female 
without visible anus or vulva. C-shaped plump body, 1-5-3-0 mm. long. Male 
with bursa and gubernaculum lacking or much reduced. Similar to H. oscinellae. 
but male and immature females with longer tail that tapers to a fine point. 

Wachek (1955) recognized five species in this genus. Three of these show ovovivi- 
parity: H. benigna Cobb, 1921; H. oscinellae (Goodey, 1930) Wachek, 1955; and 
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Figs. 1-4. Howardula aoronymphium sp.nov. 1. Adult gravid female from haemocoele of 
D. phalerata, 2A. Free-living adult male. 2B. Ventral view of adult male tail showing 
spicules. 3. Free-living inseminated larval female 4A. Egg from motherworm. 4B. Embryo- 
nated egg. 
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H. phyllotretae Oldham, 1933. H. aoronymphium is most closely related to H. 
oscinellae, which also has a dipteron host. The gubernaculum was not found in 
H. aoronymphium despite numerous detailed examinations. 

The genus Prothallonema Christie, 1938, was erected for a species taken from 
decaying fruit, but Christie’s description indicates that his species is unrelated to 
H. aoronymphium, despite the probable similarity in hosts. 


Lafe cycle 

The life cycle of H. aoronymphium is similar to that of most known Allantone- 
matidae. Goodey (1930) described this type of life cycle in detail, but there are 
differences between the life cycle of his species and that of H. aoronymphium. 

Though the actual entrance into the host was not observed, it was found that the 
nematode has a stylet and the dorsal gland was deflated immediately after the 
entrance. These facts support the hypothesis that the fertilized females enter the 
host larvae by penetrating the host cuticle. Entry might be achieved through the 
mouth or the anus, but in numerous dissections of host larvae no nematodes were 
found in the oesophagus or intestine; those found were all in the host haemocoele. 

The inseminated female increases in size, forms eggs, and discharges approxi- 
mately 500 larvae into the host haemocoele. The larvae move about in the host 
abdomen, and occasionally in the head and the thorax. Eventually they leave the 
host through the genital or the intestinal tract, or both. Exit through the genital 
tract was observed only in female hosts. Goodey (1931) described only the intes- 
tinal exit in H. oscinellae, whereas Cobb (1921) and Oldham (1933) noted that the 
exit was made through the genital system in both H. benigna and H. phyllotretae. 

The larvae drop at or near the oviposition sites of the hosts. Examination of 
material from oviposition sites failed to reveal specimens of free-living stages of 
this worm in the field. In the laboratory, however, active free-living larvae were 
found in culture bottles in which wild-caught insects were kept. Before mating 
and copulation the males undergo the final moult and the females the penultimate 
moult. Copulation was not observed in tap-water cultures, but apparently took 
place in culture bottles. The males die after copulation, and the females enter the 
final host to commence another cycle. 


Growth and development 


Three moults were observed in the development of the female and two in that of 
the male. The earliest moult observed in the female, probably the second, occurred 
in the host body cavity, the third in the free-living state, and the final one in the 
haemocoele of the definitive host. The time of occurrence of the last moult is 
unusual ; in other known species of this family it takes place in the free-living state. 
Its occurrence in H. aoronymphium indicates that the females are fertilized as 
fourth-stage larvae. The worm might moult before penetration and cast its skin 
afterwards, but the penetration process would probably remove the skin. Wachek 
(1955) also recorded a moult after fertilization in females of several species. 

The free-living males are often found enclosed in the larval skins of the third 
and fourth stages. The third moult probably occurs as the nematode leaves the 
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host, for larvae are often found in the genital and intestinal tracts of the host with 
loose cuticle on their head and tail regions. The first and second cast cuticles were 
not found despite careful examination of the egg and early larval stages. Attempts 
to rupture the eggs and to extrude the embryo with any loose skins were un- 
successful, because the eggs were crushed by the slightest pressure. A similar 
apparent loss of moults occurs in other phasmid nematodes ; namely, the Ascaroidea, 
Filarioidea and Syngamidae. In these groups one or two moults may occur while 
the embryos are in the egg membrane, so that the larvae have fewer than four 
moults. Raski (1950) found a cast cuticle in the egg of Heterodera schachtii 
Schmidt, 1871, in the Tylenchoidea, and demonstrated four moults where previously 
only three were known. These facts support a hypothesis that H. aoronymphium 
has the usual four moults with one or two in the egg and two or three during the 
larval development. 

The body lengths of larvae at various stages of development are given in Table 1. 


Table 1. Means and ranges of body lengths (mm.) for stages 
of growth of Howardula aoronymphium 


(Each measurement based on ten specimens.) 


Stage Female Male 
From uterus of motherworm 0-218 (0-163—0-252) 0-228 (0-202-0-257) 
Second moult 0-233 (0-201—0-285) — 
From host gonads 0-366 (0-341—0-384) 0-350 (0-326—0-369) 
Third moult 0-436 (0-417—0-468) — 
Fourth moult 0-407 (0-378—0-447) — 
Free-living adults in 3rd and — 0-377 (0-347-0-411) 


4th skins 


Most growth occurs when the worms are parasitic. The decrease in length of the 
female at the fourth moult is compensated by an increase in width. The lengths 
of the males found in host gonads are probably reasonable approximations of their 
lengths at the third moult. There is little difference in the size of the eelworms 
from the two hosts Drosophila kuntzei and D. phalerata. 

Many of the early stages of egg cleavage can be seen in the uterus of the female. 
Before hatching, the embryo has at least two flexures that divide the body into 
three equal lengths (Fig. 4B). Embryos are active in the egg and often have more 
than two flexures. The cells of the genital primordium are sometimes visible in 
the advanced embryo and there is often an indication of the oesophagus. 

Both the genital and intestinal systems (Figs. 5-17) have a development similar 
to that described by Goodey (1930) for H. oscinellae. The male genital system is 
more advanced in all larval stages than that of the female, enabling the sex of the 
larva to be determined in the uterus of the motherworm. In contrast to the fully 
developed gonad of the male at fertilization, the female gonad consists only of a 
vulva, vagina, and ovarial primordium of five to ten cells (Fig. 3). Wachek (1955) 
described this immaturity of the female, found by him in many tylenchid parasites 
of insects, as koriogamy, and thus restricted Wiilker’s original definition (1923). 
After fertilization and host entrance the ovary enlarges to fill the anterior half of 
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Figs. 5-15. H. aoronymphium. 5. Female larva from uterus of motherworm. 6. Female 
larva from haemocoele of host, D. phalerata. 7. Female larva from haemocoele of host, 
D. phalerata. 8. Female larva from uterus of D. phalerata. 9. Female larva from host 
larva. 10. Growing adult from host pupa. 11. Male larva from uterus of motherworm. 
12. Male larva from host haemocoele. 13A, B. Head and tail of older male larva from host 
haemocoele. Note spicular primordium. 14. Larva from uterus of host, 15A, B. Head and 
tail of moulting adult male. 
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the worm and the uterus, filled with larvae, occupies the posterior half of the body. 
The manner in which the larvae leave the female is unknown, as the vulva was not 
found in the mature gravid female; in several specimens, however, the larvae 
appeared to have ruptured the cuticle of the motherworm by their great numbers, 

The oesophageal glands and associated structures in the female develop gradually, 
but little of their development can be seen in the male. In a larva from the uterus 
of the motherworm the gland initial is a single triangular cell situated near the 
gonad primordium (Fig. 5). When the larvae leave the host, this glandular structure 
is readily recognized and extends half the body length. A glandular structure also 
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Figs. 16-17. H. aoronymphium. 16. Head of free-living inseminated female larva. 
17. Head of this larva showing deflation of gland. 


develops in the head and the first portion of the oesophageal lumen is clearly 
visible. The oesophageal glands and the stylet attain their ultimate development 
in fertilized females (Figs. 3, 16). The oesophageal lumen is displaced to the ventral 
side of the body by the enlarged dorsal gland. It is difficult to separate the dorsal 
gland from the subventral and to distinguish each of the subventral glands (Fig. 16). 
Two faintly defined nuclei are sometimes visible in the posterior end of the fused 
subventral glands and provide evidence of their dual nature. The dorsal gland in 
a maturing female removed from a recently infected larva has almost disappeared 
(Fig. 17). Its deflation is probably associated with the production of a material 
for penetration into the final host. The two ducts and dual nature of the subventral 
glands are more discernible than in earlier stages. 

The occurrence of the two oval bodies in the head of the adult females is 
noteworthy as they closely resemble the numerous lateral structures extending 
throughout the body of A phelenchulus reversus Thorne, 1935; and this is apparently 
the first confirmation of Thorne’s observation (1935). 
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Ill. PARASITYLENCHUS DIPLOGENUS SP.NOV. 


This species closely resembles P. dispar typographi (Fuchs, 1914) Micoletzky, 1922, 
and T'ylenchus dispar curvidentis Fuchs, 1914. The generic relationships of these 
species required careful examination before the genus could be determined. Fuchs 
described 7’. dispar cryphali and T. dispar curvidentis and gave a few descriptive 
details of 7’. dispar typographi and T'. contortus typographi in 1914. The publication 
of full descriptions of these last two species in 1915 has led to confusion as to the 
exact year of publication, but the 1914 date has priority (see also Stiles & Hassall, 
1920). Micoletzky erected the genus Parasitylenchus in 1922 and assigned these 
four forms to it, but did not designate a type. In 1925 he moved these forms to 
Aphelenchulus Cobb, 1920, while in the next year Baylis & Daubney placed them 
in Anguillulina Gerv. & v. Ben., 1859. In 1934 Filipjev retained Parasitylenchus, 
and designated P. dispar (Fuchs, 1914) Micoletzky, 1922, the type species of the 
genus Parasitylenchus. Any doubt as to which form Filipjev meant by his designa- 
tion of P. dispar is dispelled by his synonymy of P. dispar and T’. dispar typographi 
Fuchs, 1915 (Stiles & Hassall (1920) also considered these names synonymous), 
and his transfer of the other forms to another genus. P. dispar curvidentis (Fuchs, 
1914), Micoletzky, 1922 and P. dispar cryphali (Fuchs, 1914), Micoletzky, 1922, 
were transferred to Aphelenchulus Cobb, 1920. P. contortus typographi (Fuchs, 
1914) Micoletzky, 1922, was found a synonym of A. diplogaster (Linstow, 1890), 
Filipjev, 1934. In this reorganization he also reduced the trinomial names of 
Fuchs to binomials, and the first three forms became the species P. dispar (Fuchs, 
1914) Micoletzky, 1922, A. curvidentis (Fuchs, 1914) Filipjev, 1934, and A. cryphali 
(Fuchs, 1914), Filipjev, 1934. 

In 1955 Wachek set up three subgenera in the genus Parasitylenchus. He 
accepted P. dispar (Fuchs, 1914), Micoletzky, 1922 as the type species for the genus 
as well as for the typical subgenus. Riihm (1956) recognized the common charac- 
teristics of morphology and the two-generation life cycle of P. dispar and P. curvi- 
dentis, and assigned them to a new genus, Polymorphotylenchus, though separating 
them at subgeneric level. He designated P. typographi (Fuchs, 1914), Micoletzky, 
1922, as type species of this genus and its typical subgenus, and curvidentis as type 
of the other subgenus, T'hylakolenchus. He also designated P. cryphali (Fuchs, 
1914), Micoletzky, 1922, as the type species of Parasitylenchus. 

Riihm’s assignment of these two species to one genus is sound. His subgeneric 
distinction of them is chiefly based on the sac-like body shape displayed by the 
‘small’ (parasitic generation) females in P. curvidentis compared with the wormlike 
form in the same generation of P. dispar. A series of females from both generations 
of diplogenus showed the gradual transition from worm-like to sac-like shapes. 
A sac-like shape is apparently the result of ageing and is therefore of little taxo- 
nomic value. 

I recognize P. dispar as the type species of Parasitylenchus, and accordingly 
consider that P. curvidentis and P. diplogenus belong to the genus. Riihm’s 
diagnosis of Polymorphotylenchus represents an emendation of the original 
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diagnosis given by Micoletzky for the genus Parasitylenchus. The revised classifica- 
tion of the genus is as follows: 


Genus Parasitylenchus Micoletzky, 1922 


Parasitylenchus Micoletzky, 1922; p. 545. 
Polymorphotylenchus Riihm, 1956, p. 147. 
Type. Parasitylenchus dispar (Fuchs, 1914), Micoletzky, 1922. 


Parasitylenchus dispar (Fuchs, 1914), Micoletzky, 1922 


Tylenchus dispar typographi Fuchs, 1914; p. 195. 

Parasitylenchus dispar var. typographi (Fuchs, 1915), Micoletzky, 1922; p. 545. 

Aphelenchulus dispar var. typographi (Fuchs, 1915), Micoletzky, 1925; p. 125. 

Anguillulina dispar var. typographi (Fuchs, 1915), Baylis & Daubney, 1926; p. 65. 

Parasitylenchus dispar (Fuchs, 1915), Micoletzky, 1922, in Filipjev, 1934; p. 394. 

Polymorphotylenchus (Polymor photylenchus) typographi (Fuchs, 1915), Riihm, 1956; 
p. 149. 


Parasitylenchus curvidentis (Fuchs, 1914), Micoletzky, 1922 


Tylenchus dispar curvidentis Fuchs, 1914, p. 195. 
Parasitylenchus dispar var. curvidentis (Fuchs, 1914), Micoletzky, 1922; p. 545. 
Aphelenchulus dispar var. curvidentis (Fuchs, 1914), Micoletzky, 1925; p. 125. 
Anguillulina dispar var. curvidentis (Fuchs, 1914), Baylis & Daubney, 1926; p. 65. 
A phelenchulus curvidentis (Fuchs, 1914), Micoletzky, 1922, in Filipjev, 1934; p. 387. 
Polymorphotylenchus (Thylakolenchus) curvidentis (Fuchs, 1914), Riihm. 1956: 

p. 154. , 

Parasitylenchus diplogenus sp.nov. 


The twenty-nine species that have been assigned to this genus by Wachek (1955) 
and Riihm (1956) are not within the concept of the genus as based on the type 
species P. dispar (Fuchs, 1914), Micoletzky, 1922. 


Description 

Adult female, completely parasitic generation. Holotype: L 0:504mm.; W 
0-078 mm.; V 86%; A 0-021 mm.; a 6-4; ¢ 24; EL 39”; EW 21pn. Paratypes: 
L 0-423-0-547 mm., av. 0-483 mm.; W 0-076—0-097 mm., av. 0-083 mm.; A 0-015- 
0-042 mm., av. 0-025 mm.; V 84-92%; a 4-8-6-7; c 13-18; stylet length 5-8; n 21. 
Cuticle 1 thick on head, thinner at middle of body, and 2, thick at tail. 
Stoma and stylet not readily visible, especially in older specimens. Stylet 7 long 
and 1 wide at its base. Oesophageal, glandular, and intestinal structures displaced 
by immense growth of gonad to within 11, of head tip. Single gonad occupying 
most of body, and divided by double reflexes into uterus, oviduct, and ovary 
(Fig. 18). Ovary extending back four-fifths of body length, with small reflex in 
head. Oviduct extending forward a third of body length. Receptaculum seminis 
usually dorsal at middle of body. Two to four eggs in uterus. Vagina thick-walled. 
at right angles to cuticle. Vulva 71, from tail tip, surrounded by swollen cuticle. 
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Some intestinal structures visible behind vulva, but difficult to find in most 
material. Tail containing cells and tissue of unknown structure. Worms loose in 
host haemocoele. 

Adult male, completely parasitic generation. Allotype: L 0-284 mm.; W 0-018 mm. ; 
A 0-027 mm.; 7' 90%; a15;c¢ 10. Paratypes: L 0-188—0-290 mm., av. 0-256 mm. : 
W 0-017—0-025 mm., av. 0-021 mm.; A 0-018—0-027 mm., av. 0-023 mm.; 7’ 88 
92%; a 11-17; c 8-13; n 20. 

Vermiform body tapering slightly to rounded lip region, and abruptly to tail tip 
(Fig. 19). Preserved material often curving, particularly in spicular region, with 
ventral side outermost. Cuticle smooth, without striae or transverse markings. 
Lip region slightly swollen. Short stoma present, but stylet absent. Oesophageal 
and glandular structures degenerate and displaced by testis. Testis (7 wide) 
reaching to within 7 of head tip, and occupying almost the complete body width 
from 65 behind head backwards for four-fifths of body length. Vas deferens 
short. Two separate spicules, right 11, and left 10, long, slightly curved, in pre- 
served material projecting unevenly from cloaca, and each with an enlarged base 
(24 wide) followed by a slight constriction of the shank and a gradual taper in a 
smooth curve to a truncate end. Bursa and gubernaculum absent. Tail tip pointed. 

Adult female, partially free-living generation. Type: L 0-304 mm.; W 0-063 mm.; 
V 89%; a 48; EL 38u; EW 26yn. Paratypes: L 0-224-0-396 mm., av. 0-238 mm. : 
W 0-033-0-063 mm., av. 0-052 mm.; V 83-91%; a 3-7-12; n 13. 

Closely resembling the female of the parasitic generation, but smaller and with 
much reduced gonad (Fig. 20). Preserved material usually curved slightly dorsally. 
Cuticle smooth, without striae, though often with transverse folds in head and tail 
regions. Stylet 10” long and 0-5y wide at base. Oesophageal and glandular 
structures degenerate. Gonad divided by reflexes into uterus, oviduct, and ovary. 
Ovary without apical reflex, extending to within 29, of head tip. Uterus with 
only one or two eggs. Anus midway between vulva and tail tip. Tail containing 
large cells along walls. 

Adult male, partially free-living generation. Type: L 0-139 mm.; W 0-008 mm. ; 
A 0-020 mm.; T 31%; a17;¢ 6-9. Paratypes: L 0-137-0-166 mm., av. 0-149 mm. ; 
W 0-007-0-010 mm., av. 0-008 mm.; A 0-017—0-023 mm., av. 0-021 mm.; 7' 31 
50%; a 15-23; c 6-7-9-1; n 10. 

Resembling male of the parasitic generation but smaller and with reduced testis 
(Fig. 21). Cuticle with fine striae, especially fine on the head, where they are less 
than a micron wide. Lateral field commencing on head, extending to tail tip, and 
24 wide at middle of body. Short stoma and oesophagus present. Slight swelling 
of cuticle 36 from tip of head suggesting an excretory pore, but no internal 
structure visible. Intestine indicated by vacuolate structure in front of testis. 
Testis filled with sperms, arising 60 from head and extending for 54, occupying 
most of body width, and narrowing in posterior half of body. Vas deferens short. 
Two spicules projecting unevenly from cloaca, each gently curved, widened 
slightly at its base, without constriction, and tapering gradually to truncate end. 

Larval stages described below. 

Host and locality. The type material was found in the abdominal haemocoele of 
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Figs. 18-21. Parasitylenchus diplogenus sp.nov. 18. Adult female of the parasitic generation 
from haemocoele of D. subobscura. 19. Adult male of the parasitic generation from haemocoele 
of D. subobscura. 20. Adult female of the free-living generation from haemocoele of D. sub- 
obscura. 21. Adult male of the free-living generation. 
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aspecimen of Drosophila subobscura Coll. collected in the Manor Woods, Rotham- 
sted Experimental Station, Harpenden, Herts, England. The species was also 
found in D. obscura Fall., and D. silvestris Basden, at Harpenden, Herts, and in 
D. subobscura and D. obscura at Dalkeith, Scotland. Basden & Goodey (1955) also 
recorded it in D. silvestris at Dalkeith. The holotype and the allotype are in the 
British Museum (Natural History). Series of paratypes are in the Nematode 
(Collection, Rothamsted Experimental Station, and the Canadian National 
Collection of Nematodes at Ottawa and Belleville. 

Diagnosis. A species of Parasitylenchus that oviposits unembryonated eggs. 
Smaller in all generations than either dispar or curvidentis. No gubernaculum 
present. Spear simple. Vulva clearly visible in females of both generations. Free- 
living stages smaller than parasitic stages. 

Older stages in both parasitic and free-living generations develop sac-like forms 
and lose their worm-like appearance. This change in form is accompanied by 
degeneration of the internal organs. The known hosts of diplogenus are Diptera, 
whereas those of dispar and curvidentis are Coleoptera, Ips typographus (L.) and 
Pityokteines curvidens (Germ.) respectively. 


Life cycle 


Parasitylenchus diplogenus has a life cycle of two sexual generations. Fuchs 
(1915) almost discovered this type of cycle in P. dispar. Though he mentioned both 
parasitic and free-living generations, he used ‘generation’ in the sense of phase, 
and considered that there was only one true generation, and that the large numbers 
of females and males in the host haemocoele entered by penetration. Even upon 
re-examination of the cycle in response to Wiilker’s (1923) queries about the pre- 
sence of mature males in the host, Fuchs (1929) could not explain their origin 
satisfactorily. Riihm (1956) discovered the cycle for P. curvidentis in Pityokteines 
curvidens (Germ.), and later for P. dispar in Ips typographus (L.). In the two cycles 
described by Riihm the partially free-living females are larger than the females 
of the parasitic generation. Riihm also found ovoviviparity, whereas only ovi- 
parity occurs in diplogenus. 

The life cycle of P. diplogenus starts by the penetration of an inseminated female 
through the cuticle and into the haemocoele of a larval host. Actual penetration 
of the cuticle was not observed, but seems a reasonable assumption because the 
eelworm has a stylet. The nematode develops in the host and at host pupation 
has become a gravid female. This female produces eggs that lie loose in the body 
cavity of the host and soon hatch into active larvae. The gravid female becomes 
sac-like and has no recognizable structure at the emergence of the adult fly. 

The larvae develop quickly, reach maturity, and mate, and the females begin 
egg-laying in the host haemocoele. Dissections of host flies at this stage in the 
life cycle reveal gravid females, mature males, eggs and larvae. The larvae leave 
female hosts by descending the oviduct to the vulva. The method of exit from 
male hosts was not observed, but is probably through the crop and the intestine. 

The nematodes drop on or near material in which Drosophila larvae occur. Males 
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mature in 4 days in tap water, but females show little genital development in this 
medium. Copulation takes place in culture bottles but not in water cultures. The 
fertilized females enter another host and commence another cycle. 

The number of individuals increases strikingly with each generation. The initial 
infection usually involves one female; observations of the numbers in field in- 
fections ranged from one to three, whereas in laboratory infections the number 
was as high as eight. A single female of the first generation gives rise to ten to 
twenty females in the second generation. These each produce 100—200 larvae, so 
that the total number may be as high as 4000; 4380 were counted in one instance. 


Growth and development 


The adult female of the parasitic generation moults twice, as it was often found 
within the skins of the third and fourth larvae (Fig. 23). The male of this generation 
was not found in more than one skin (Fig. 24). 

Two moults were found in both sexes of the free-living generation. The third 
moult occurs in the host gonads and the fourth while the nematodes are free-living. 
Nothing is known of the missing cast cuticles in either generation. Circumstantial 
evidence, however, suggests that a moult may occur in the egg of the free-living 
generation, because the well-developed embryo usually has many folds and 
annulations in its cuticle that resemble those of the moulting larvae. 

The body lengths for a number of stages of growth in both the parasitic and the 
free-living generations are shown in Table 2. 


Table 2. Means and ranges of body lengths (mm.) for stages 
of growth of Parasitylenchus diplogenus 


(Number of specimens given in brackets.) 


Male Female 
Parasitic generation 
Larva in host pupa 0-148 (0-133—0-166) [9] 0-146 (0-139—0-152) [4] 
Third moult 0-160 (0-148—0-188) [8] 0-168 (0-160—0-173) [5] 
Fourth moult 0-187 (0-170—0-203) [8] 0-199 (0-185—0-199) [5] 
Free-living generation 
Newly hatched 0-128 (0-121—0-147) [5] 0-133 (0-120—0-150) [5] 
Third moult 0-156 (0-145—-0-176) [6] 0-167 (0-145-0-188) [5] 
Fourth moult 0-144 (0-138—0-153) [5] — 


Most growth occurs while the nematodes are parasitic; there is little in the free- 
living stage. This is especially true of the females of the free-living generation 
after their entrance into the final host. 

The most striking differences in the morphology of the two generations are the 
smaller body length of the adults, the smaller size of the gonads, and the smaller 
egg production in the free-living than in the parasitic generation (Figs. 18-21). 
These differences are probably the result of a plentiful supply of food for the 
parasitic generation, as contrasted with the period of non-feeding in the free-living 
generation. 
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The species of host affects the size of the gravid female. The female parasites 
are larger in D. obscura than those in D. subobscura in the Scottish as well as the 
English material. The males show no difference in size. 

The eggs of both the parasitic and the free-living generations are ovoid at ovi- 
position, with an undifferentiated cellular mass enclosed in a thin egg membrane, 
but soon they elongate and develop thicker membranes. The cell mass lengthens 
with a folding at one pole, followed by a second folding that divides the embryo 
into three sections (Fig. 22). The genital primordium of three large cells and two 
small terminal cells is visible in the posterior half of the body. A short length of 
intestine is also visible in the same region. The length of a newly hatched larva is 
120-1504. 

The minuteness and lack of detail of the internal structures of this worm pre- 
vented detailed observations of its development, particularly in the free-living 
generation. However, the development of the genital system was traced in the 
parasitic generation. 

The gonads of both sexes of the parasitic generation have a rapid and extensive 
development. In the youngest female (Fig. 25), removed from a 3-day-old pupa, 
the genital primordium consisted of the primordia of the ovary and the uterus. 
The ovarial primordium has fifteen to eighteen large cells with darkly stained 
nuclei. The cell structures of the uterine initial were indistinct because the cells 
were dividing. In adult females that are enclosed by two larval skins the ovary 
occupies two-thirds of the body length (Fig. 26) and consists of a single row of 
cells anteriorly and two or more rows posteriorly. Another mass of cellular activity 
in the tail indicates the primordia of the vulva and vagina. In older adults the 
ovary widens and swellings midway along its length are the first indications of 
reflexes (Fig. 27). In the inseminated female two reflexes are visible, the first 
indicating the beginning of the oviduct and the second the uterus (Fig. 28). 
The receptaculum seminis is not yet formed and, therefore, the sperms are in the 
uterus. In the older female the gonad has increased in length and is divided by 
two reflexes into the ovary, oviduct and uterus. Individual eggs first become 
apparent at the end of the ovary. In the oviduct the eggs are easily seen by their 
large nuclei and dark karyosomes. The receptaculum seminis has been formed and 
lies approximately at the middle of the body. Older females lose the vermiform 
shape and become almost rectangular in the head region upon the swelling and 
forward extension of the oviduct and uterus. 

In young males the gonad primordium is half as long as the body (Fig. 28), and 
its cells are distinct with darkly stained nuclei. A spicular primordium is visible 
on the ventral side of the tail. In older specimens the primordia of the testis and of 
the vas deferens are visible. The latter has a more nearly homogeneous cell 
structure than the former. The testis fills most of the body of the adult male that 
is within the fourth larval skin (Fig. 24). The extensive growth of the testis causes 
it to fold in the head region. Later the spicules become visible and the body 
becomes almost completely occupied by the testis. 

As in the parasitic generation, it was possible to determine the sex of the larval 
worms in the host body cavity. The genital development followed a pattern similar 
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Figs. 22-33. P. diplogenus. 22, 29-33 being of the free-living generation, and 23-28 of the 
parasitic generation. 22A, B, C. Various stages in development of eggs found in host haemo- 
coele. 23. Female enclosed in cuticles of third and fourth larval stages. 24. Adult male 
within cuticle of fourth larval stage from haemocoele of an adult of D. subobscura. 25. Female 
larva from body cavity of pupa of D. subobscura. 26. Unfertilized female from haemocoele 
of D. subobscura. 27. Inseminated female from haemocoele of D. subobscura. 28. Early 
male larva from body cavity of pupa of D. subobscura. 29. Larva from haemocoele of 
D. subobscura. 30. Male larva from host haemocoele. 31. Femate larva from host haemocoele. 
32. Male larva from ovaries of D. subobscura. 33. Free-living adult male enclosed in the 
fourth larval skin. 
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to that of the parasitic generation (Figs. 29-33). The testis and spicular primordia 
are well developed when the male larva emerges from the host gonad, a few sperms 
being present. The female larva at this stage has a gonad composed of the ovarial 
and uterine primordia. 


IV. INCIDENCE OF PARASITISM 


Atotal of 7743 specimens of twelve species of Drosophila were collected andexamined 
at Rothamsted. Two species were parasitized by H. aoronymphium, three by P. 
diplogenus, and the sixth, D. confusa, by an unidentified allantonematid (Table 3). 
The six uninfected species were: D. deflexa Duda, D. funebris (Fabr.), D. immigrans 
Sturt., D. melanogaster Meig., D. tristis Fall., and Parascaptomyza disticha (Duda). 


Table 3. Number of wild-caught flies and percentage infected by nematodes 
for six species of Drosophila 





Uninfected Infected 
r A — _ A Percentage 
Host species Male Female Male Female Total parasitism 
D. kuntzet 316 449 il 23 799 4 
D. phalerata 573 495 142 137 1347 20°8 
D. subobscura 1547 2772 66 184 4569 5-5 
D. obscura 188 371 1 7 570 2 
D. silvestris 21 29 1 0 51 2 
D. confusa 45 81 3 0 129 2 


Collections at several localities near Dalkeith, Scotland, in November 1954, and 
September 1955, provided 191 specimens of five species: D. funebris, D. obscura, 
D. subobscura, D. silvestris and D. tristis. P. diplogenus was found in 7% of 
forty-three specimens of D. obscura, and in 3% of both the 1954 collection of 
seventy and the 1955 collection of thirty-four specimens of D. subobscura. These 
percentages are similar to those from Rothamsted. 

The infection figures for both sexes of the three host species of P. diplogenus 
show the females to be more heavily parasitized than the males (Table 3). These 
figures were tested in a Contingency Table by means of a x? test and only in 
D. subobscura was there a significant departure from an assumption of equal in- 
fection for each sex. Presumably a factor, or factors, favours parasitism of the 
female of D. subobscura as compared with the male. 

Because D. subobscura adults occurred throughout the year in the field, a study 
of the fluctuation in the weekly parasitism by P. diplogenus was possible. The 
percentage parasitism increased during the autumn, remained static during the 
winter, and decreased in the spring. The numbers of D. subobscura caught in traps 
showed a similar cycle. This suggests that the incidence of parasitism of P. diplo- 
genus fluctuates with the population density of the host. 

Records were kept of the number of gravid females of H. aoronymphiwm found 
in each host during a heavy infection period in August and September 1956. 
Table 4 shows that one worm per fly was the most usual number with a rapid 
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decline for higher numbers. Two cases were found outside the observational period 
in which the numbers of nematodes per host were 13 and 25. All distributions 
showed a statistically significant departure from a Poisson distribution. 


Table 4. Number of female Howardula aoronymphium per fly 


Host species No. of nematodes per host 
and sex 0 1 2 3 4 5-7 8-10 
D. phalerata 
Female 287 43 25 19 7 3 2 
Male 394 58 19 8 3 2 0 
Total 681 101 44 27 10 5 2 
D. kuntzei 
Female 307 5 4 1 0 0 1 
Male 234 5 : 0 1 1 0 
Total 541 10 5 1 1 1 1 


V. HOST-PARASITE RELATIONS 
Effect of parasite on host 


No differences were found in the external morphology of parasitized and un- 
parasitized flies, and dissection is, therefore, the only positive means of determining 
parasitism. 

The parasites damage both the genital and the intestinal tracts, particularly 
when emerging from the host. The only observable effect of parasitism before 
emergence is the impaired development of the female gonads. Fewer eggs mature 
than normally, and the developing eggs and follicles are small. The fat bodies, 
especially those associated with the gonads, are reduced. These observations 
suggest that the parasites and the gonads of the host may compete for nutritive 
material. 

The female gonads are almost completely destroyed by the emergence of the 
worms through the genital system. Larval worms pierce the thin peritoneal! sheath 
surrounding the ovary and in time destroy it so that the ovarioles hang loose from 
their pedicels. The worms move between these loose ovarioles, pierce the epithelial 
sheath of the pedicels, and enter the lateral and the common oviducts. They 
occasionally pierce developing follicles, but rarely the basal follicles. Both the 
oviduct and the uterus are often tightly packed with nematodes and in a few hosts 
larvae were seen in the ducts that lead to the spermathecae. Where emergence is 
well advanced the basal follicles remain undeveloped and most of the gonad is 
damaged to such an extent that egg production is improbable. 

The crop is damaged when the parasites leave the host by the intestinal tract. 
Its thin wall is soon destroyed by the penetration of the larvae on their way to the 
intestine. The intestine and other associated structures are little damaged. Larvae 
often gather in the rectum of the fly and appear to block the lumen. 
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Effect of host on parasite 


Both D. phalerata and D. kuntzei show a reaction to H. aoronymphium. Enlarging 
parasitic females, particularly those at the hind end of the body, become covered 
with what appears to be fat tissue. This tissue is continuous with the fat tissue of 
the host organs and is supplied with minute tracheae. The worms are held fast and 
the tissue that surrounds older females becomes dirty yellow in colour. This does not 
appear to harm the nematodes as they continue to grow and develop. 

Competition may occur between individual females of H. aoronymphium in the 
host haemocoele, for, as the number of gravid worms increases, the length of 
individual worms decreases. This competition also operates in P. diplogenus but 
to a lesser degree. 


VI. SPECIFICITY OF PARASITISM 
The two hosts parasitized by H. aoronymphium, D. phalerata and D. kuntzei, and 
the three parasitized by P. diplogenus, D. subobscura, D. obscura and D. silvestris 
have different ovipositing habits: the former oviposit on toadstools and mushrooms 
and the latter on tree fluxes. Because only larval hosts are parasitized and the 
larvae do not move from the oviposition sites, these two ovipositing habits suggest 
a mechanism for the restriction of the nematodes to particular hosts. 

Experiments were made to determine whether H. aoronymphium would para- 
sitize D. subobscura when the two species were reared in the same culture jar. Five 
other host species were tested with aoronymphium, and the same six hosts with 
P. diplogenus. Tests consisted of rearing together uninfected and infected hosts 
with suitable controls, and of discovering infection by examining the emerging 
adults of the filial generation. 

D. phalerata and D. kuntzei were not infected by P. diplogenus, and D. subobscura 
and D. obscura were not infected by H. aoronymphium. Host specificity does not, 
therefore, appear to be determined by the ovipositing habits of the host, though 
initially this might have been a factor in the evolution of the nematode-fly 
relationship. This is supported by the results for D. funebris. This species oviposits 
on both tree fluxes and toadstools but was not infected by either species of 
nematode. 

D. melanogaster is known principally from decaying fruit. It was infected by 
P. diplogenus, and this gives an indication as to the nature of the infectivity of the 
hosts. D. phalerata and D. kuntzei are of the subgenus Drosophila, and D. subob- 
scura, D. obscura, D. silvestris and D. melanogaster are of the subgenus Sophophora 
(Sturtevant, 1942). Possibly the barrier to infectivity is correlated with charac- 
teristics that have also been used in classifying these subgenera. 


VII. SUMMARY 
1. Two species of Allantonematidae were found parasitizing five of twelve 
species of Drosophila collected at Rothamsted Experimental Station, Harpenden, 
Herts, England. 
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2. H. aoronymphium sp.nov. was found in 20-8% of D. phalerata and 4-39, FRAN 
of D. kuntzei examined. Parasitylenchus diplogenus sp.nov. was found in about 
5% of D. subobscura, D. obscura, and D. silvestris examined. j 

3. The type species and taxonomy of the genus Parasitylenchus are discussed, FucH 

4. The life history of H. aoronymphium is typical of most allantonematids eee 
except that the female is fertilized when she is a fourth-stage larva. P. diplogenus Goop 
has two sexual generations per cycle. E 

5. Both nematodes have a precocious development of the male and a retarded | 0? 
development of the female genital system. Both destroy host gonads. — 

6. The specificity of the nematodes is not a result of dissimilar ovipositing habits Mico! 


FucH 


of the hosts, but shows a similarity to the taxonomic assignment of the hosts to - . 
MICO] 

subgenera. ] 
OLDH 

SYSTEMATIC ABBREVIATIONS k 


L, body length. W, width of body at widest point. A, distance of anus from the ~ 
tip of the tail. V, distance of the vulva from the head divided by the length of the - 
worm and expressed as a percentage. 7', the length of the testis divided by the | Rim 


length of the worm and expressed as a percentage. EL, egg length. EW, egg 7 
width. a and c are De Man’s ratios. , number of specimens. a 
s 
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INHIBITION OF ENTAMOEBA HISTOLYTICA IN VITRO 
BY SPECIFIC ANTIBODY* 


By MITSURU NAKAMURA 


Department of Bacteriology, Montana State University, Missoula, and the 
Department of Microbiology, Boston University School of Medicine, Boston 


INTRODUCTION 


Although many studies have been performed on the diagnosis of amoebiasis using 
the complement-fixation test, this technique is not entirely satisfactory. The lack 
of correlation between the complement-fixation test and clinical amoebiasis, 
especially amoebic dysentery, has been observed by Dolkart, Halpern & Cullin 
(1951), Buchman, Kuilman & Margolis (1952), Paulson & Andrews (1938), 
Magath & Meleney (1940), and McDearman & Dunham (1952). 

In an attempt to find other serological tests Greif (1947) studied agglutination 
of Entamoeba histolytica cysts with antisera. This test was of no value, since non- 
specific agglutination occurred with normal sera, plasma, y-globulin, and normal 
horse serum. Cole & Kent (1953) described an amoeba-immobilization test 
designed after the Treponema-immobilization test. They observed that sera of 
rabbits immunized with E. histolytica had a tendency to cause motile trophozoites 
to cease forming pseudopods and to assume a rounded form. In preliminary 
studies on human sera from patients with amoebiasis, it was shown that 38 % of 
the sera cause immobilization of the trophozoites. Shaffer & Balsam (1954) found 
that E. histolytica antisera inhibited the ability of the amoebae to phagocytose 
erythrocytes in vitro. Goldman (1953, 1954) used the fluorescent antibody tech- 
nique in studies with intestinal amoebae. E. histolytica antisera were reacted with 
a fluorescein derivative to form a protein-fluorescein conjugate. When this 
fluorescein antibody complex was added to the antigen (Z. histolytica trophozoites). 
an antigen-antibody reaction occurred, causing the trophozoites to fluoresce when 
observed under the ultraviolet microscope. 

Many of the serological studies in the past with E. histolytica have been compli- 
cated by the presence of the associated bacterial flora. Recently, Nakamura (1955) 
has been able to maintain the amoebae temporarily free of bacteria in a Ringer 
solution—coagulated egg horse serum medium fortified with the growth factors 
ribose-5-phosphate, adenosinetriphosphate, and sodium thioglycollate. This 
method made available large numbers of amoebae (approximately 1,000,000 tro- 
phozoites per ml.) free of living micro-organisms. The present study deals with the 
immunization of rabbits with the bacteria-free amoebae and an assay of the 
antisera by a culture inhibition test. 


* This study was sponsored by the Commission on Enteric Infections, Armed Forces 
Epidemiological Board, and supported (in part) by the Office of Surgeon General, Department 
of the Army. 
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EXPERIMENTAL METHODS 


The NRS, HUS-105, and UC strains of E. histolytica were routinely maintained 
in cultures and were used for immunization and assay of antibody. Bacteria-free 
amoebae were grown, using the method described earlier (Nakamura, 1955). The 
trophozoites were harvested from numerous culture tubes and frozen and thawed 
five to seven times in 0-4 % formalin. Merthiolate (final concentration of 1/10,000) 
was added as a preservative. Antigens were also prepared by desiccation, saline 
extraction, alcohol extraction, and grinding with alundum. However, the frozen 
and thawed antigens were superior to the other methods. The antigen preparations 
were stored in the freezer (— 24° C.) until ready for use. 

White rabbits weighing 2-5 lb. were immunized by intravenous injections. This 
method proved superior to subcutaneous injections or subcutaneous injections with 
adjuvant. The marginal ear veins of the rabbit were injected; injections were 
given over a period of 15 days (injections being given every third day), a total of 
approximately 10,000,000 amoebae being injected. Seven days after the last 
injection, 15-25 ml. of blood were drawn from the marginal ear veins. Additional 
blood samples were taken from time to time for a period of several months. The 
sera were obtained by centrifugation of the blood after allowing the blood to clot 
overnight in the refrigerator. Sterilization of the sera was accomplished by 
filtration through a Selas porcelain microbiological filter. 

The ability of HZ. histolytica antisera to inhibit growth of amoebae in vitro was 
studied in bacteria-free cultures. The antisera were added to the culture media, 
which consisted of a coagulated egg slant overlaid with Ringer solution, dextrose, 
sodium thioglycollate, rice powder (Difco), ribose-5-phosphate, adenosinetri- 
phosphate, penicillin G (10,000 units/ml.), and streptomycin (5000 units/ml.). 
Experiments were performed in the presence and absence of normal horse serum ; 
since there was no marked difference in the results, later experiments were per- 
formed in the absence of normal horse serum to eliminate possible interactions with 
the rabbit antisera. All tubes were sealed with a vaspar anaerobic seal after 
inoculating with EL. histolytica stock cultures containing few bacterial cells (the 
amoebae were washed by several centrifugations in sterile saline). The overlay 
fluid contained the antisera in dilutions of 1/5. Control tubes contained normal 
rabbit sera. After inoculating the tubes with amoebae, the tubes were incubated 
at 37° C. for 3-4 days. Amoeba counts were made by taking approximately 
0-25 ml. of the sediment from each tube, covering with a clean cover slide, and 
counting the number of amoebae per low-power field. Ten fields from each sample 
were counted and two samples were taken from each culture tube. The average 
counts were recorded; each serum sample was assayed in quadruplicate. The 
amoebae populations in media containing antisera were compared with amoebae 
populations in media containing normal rabbit sera. 


RESULTS 
Incorporation of E. histolytica antisera into bacteria-free amoeba cultures resulted 
ina decrease in total amoeba populations. Greatest inhibition in vitro was obtained 
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by rabbit sera obtained by intravenous immunization. Sera from human subjects 
with past histories of amoebic infections reduced the total amoeba count per low- 
power field, but the extent of inhibition was not too great. In no case did amoeba 
antisera cause complete inhibition of the amoeba in cultures. The results are 
tabulated in Table 1. Rabbit antisera produced 31-1-67-6°%% inhibition of the 


Table 1. Inhibition of bacteria-free Entamoeba histolytica cultures with antisera 


Amoeba count per 


low-power field Percentage 
(average of four inhibition of 
Sera added to culture medium determinations) control 
Normal rabbit serum 179 0 
Rabbit antiserum (immunized by intravenous 58 67-6 
injections) 
Rabbit antiserum (immunized by subcutaneous 124 31-1 
injections) 
Rabbit antiserum (immunized by subcutaneous 102 43-1 
injections with adjuvant) 
Human serum (D.K.) 72 59-8 
Human serum (H.G.) 116 35-2 
Human serum (R.H.) 145 19-0 
Human serum (C.R.) 90 49-8 


control. Human serum D.K. (male medical student) produced the greatest 
inhibition of the amoeba cultures as compared with other human sera. Human 
serum H.G. was obtained from a male student who had undergone chemotherapy 
for intestinal amoebiasis 4 months prior to this serological assay. Serum H.G. 
produced a greater inhibition than human serum R.H. which was obtained from 
a male student who had amoebic dysentery 2 years prior to this examination. 
Human serum C.R., from a subject who had been operated upon for the removal 
of an amoebic granuloma, produced 49-8 % inhibition of the control. 

Surprisingly, there was little or no difference in the reactions of the different 
strains of E. histolytica studied. Antisera to strain NRS produced inhibition of 
cultures of NRS, UC, and HUS-100 strains; antisera to strain UC produced in- 
hibition of NRS, UC and HUS-100 cultures; and antisera to strain HUS-100 
produced inhibition of all three strains. 


DISCUSSION 
Since specific antisera inhibited EL. histolytica in vitro, it is highly probable that 


the antisera contain a component which inhibits amoebic growth. This substance. 


may be identical with the component in antisera which immobilize the trophozoites 
as described by Cole & Kent (1953) and with the component in antisera which 
lower the phagocytic activity of amoebae (Shaffer & Balsam, 1954). It is not yet 
clear, from the present study, whether the culture-inhibiting antibodies actually 
possess an amoebocidal or amoebostatic activity or merely interfere with the 
metabolic and growth processes of the amoebae. The fact that complete inhibition 
was not obtained suggests that perhaps the amoebae are able to overcome slowly 
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the inhibitory action of the arftibodies. Cole & Kent reported that immobilized 
trophozoites gradually regained their motility. One disadvantage of this assay 
method for antibodies is that the maximum amount of the antisera which can be 
tested is a dilution of 1/5, since this is the optimal serum-Ringer solution ratio for 
the growth of amoebae. It is possible that, if normal horse serum is added, 
additional dilutions can be made without affecting the nutritional requirements 
of the amoebae. A further disadvantage is that considerable volumes of antisera 
are required for a complete assay, whereas the agar gel double diffusion technique 
for detecting LZ. histolytica antisera reported by Nakamura & Baker (1957) requires 
only minute amounts of sera. 

Additional human sera must be assayed before the usefulness of this method 
can be fully evaluated with regard to its value in serodiagnosis. Also, numerous 
strains of E. histolytica must be evaluated by this technique to determine the 
possibilities of cross-reactions occurring and also to learn more about the serotypes 
of this pathogenic amoebae. 


SUMMARY 


Bacteria-free cultures of EL. histolytica have been inhibited by specific and related 
antibodies in the antisera produced in rabbits. Maximal culture-inhibiting anti- 
bodies were produced when the rabbits were immunized with frozen and thawed, 
formalin-treated trophozoites injected intravenously. Human sera from subjects 
with current or past histories of amoebiasis also inhibited growth of amoebae in 
vitro. 
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IXODES TATEI N.SP. FROM IRAQ (ACARINA: LXODIDAE) 


By D. R. ARTHUR 
Department of Zoology, King’s College, University of London 


(With 7 Figures in the Text) 


The new species described here, found in the collections of the Chicago Natural 
History Museum, was forwarded to me by Harry Hoogstraal, NAMRU-3, Cairo, 
Egypt, for description. All measurements are given in millimetres. 


Ixodes tatei n.sp. 


Holotype. Female (Figs. 1, 2) partly fed, length 6-0, greatest breadth 4-0, Kirkuk 
Liwa, Chemchemal Valley, Jarmo, Iraq, 7 April 1935. C. A. Reed leg. Host: Vulpes 
vulpes CR 408, Cat. no. 84472. Deposited in the Chicago Natural History Museum. 

Paratypes. Two females, well fed: dimensions 7 x 5 and 7-5 x 4-9, Etbil Liwa, 
Zagros Mts., Iraq, 2 November 1952. Host: ‘Rock Partridge’. Deposited in the 
Chicago Natural History Museum. 

Description. Colour of capitulum and legs dark brown, scutum paler. Post- 
scutal area and venter with few fine hairs. 

Capitulum (Fig. 3). Length, tips of palpi to tips of cornua 0-85; greatest width 
of basis, 0-5. Dorsal surface of basis smooth, shining. Porose areas large, piriform, 
depressed and separated from one another by a narrow interval. Cornua short, 
pointed, but nevertheless distinct. Palpi widest near the apex of article 2; outer 
margin of segment 2 slightly concave, that of article 3 almost straight; distally on 
segment 2, and proximally on segment 3, an elongate oval depression (shaded in 
Fig. 3). Combined length of segments 2 and 3 about 0-58. In ventral view (Fig. 4) 
the basis is flattened, only slightly constricted in the middle, postero-lateral angles 
rounded, posterior margin nearly straight. Auriculae as distinct short, strong, 
tapering spurs. Transverse suture line present. Palpal segment 1 with distinct 
ventral plate. 

Hypostome. Broken in all three specimens, but as far as can be ascertained the 
dentition behind an apical corona as 3 files of 4/4, 3 files of 3/3, 3 files of 2/2. Teeth 
of the lateral files largest. Length about 0-5. 

Scutum (Fig. 5). Length 1-34; width 0-98. Shape as figured. Lateral carinae 
lacking. Cervical grooves as shallow divergent linear depressions, with slight 
straight ridge lateral to the grooves. Punctations numerous, moderate to large 
in size, larger in antero-lateral field, deep. Hairs in paratypes very long and 
abundant. 

Legs (Fig. 6). Coxa I with broad internal spur of moderate length, external spur 
broader basally than long; coxa II with broad rounded external spur, internal 
angle as a marginal salience; coxa III with similar but smaller external spur, 
which on IV is reduced to a weak tuberosity. Trochanteral spurs absent. Tarsi 
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Fig. 1. Holotype female, dorsal view. Fig. 5. Scutum. 
Fig. 2. Holotype female, ventral view. Fig. 6. Coxae and trochanters. 
Fig. 3. Capitulum, dorsal. Fig. 7. a, tarsus I; b, tarsus IV. 


Fig. 4. Basis capituli, ventral. 
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(Fig. 7a, b) gradually narrowing subterminally. length of tarsus I, 0-82; meta- 
tarsus I, 0-47: length of tarsus [V, 0-67: metatarsus IV, 0-50. 

Spiracular plate. Transversely oval, goblets of moderate size and number. Pale 
in colour. Dimensions 0-32 x 0-24. 

Genital aperture. Ona level with the third intercoxal space. Male and immature 
stages not known. 

Hosts. Vulpes vulpes and ‘rock partridges’. 

Related species. This species has affinities with Ixodes redikorzevi redikorzevi 
Olenev 1927, and the J. laguri group of species. According to Pomerantzev (1950), 
I. laguri Ol. is separated from J. redikorzevi by the development of membranous 
extensions on the posterior borders of coxae I and IT; in the former such extensions 
are well marked, but in the latter they are lacking. Similarly, in J. tatei n.sp. these 
membranes are lacking so that it should fall into the group of J. redikorzevi. The 
coxal pattern, however, does not support this contention. In J. redikorzevi the 
internal spur on coxa I of the female is long, narrow, tapering and overlaps the 
front edge of coxa II (Arthur, 1955, fig. 6; Pomerantzev, 1950, fig. 149) with the 
external spur just over half as long; the external spurs on coxae II and III are as 
long or longer than their basal widths. In J. tatei the internal spur on coxa I is 
of moderate length, very broad basally and does not overlap coxa II; the external 
spur is short and much broader basally than it is long, and similar conditions apply 
to coxae II and III, whilst the external spur of coxa IV is reduced to a mere 
protuberance. Apart from the marginal outgrowths, J. tatei n.sp. can be recognized 
from the J. laguri group by the use of the following key. 


Scutum oblong oval, hairs sparse. I. laguri laguri Ol. 1929. 

Scutum ovate or long and narrow; hairs sparse to hairs abundant. 2 

Internal spur on coxa I parallel sided; hairs sparse on scutum. 3 
2| interna spur of coxa I drawn out into a broad triangular prolongation. Hairs very 

abundant on scutum. I. tatei n.sp. 

3 fScutum ovate; even punctations. I. laguri armeniacus Pom & Kirsch. 1946 

\Scutum long and narrow, punctations vague I. laguri colchicus Pom. 1946 


The species is named for Dr P. Tate, Director of the Molteno Institute of Para- 
sitology, Cambridge, for his very kind assistance at all times. 
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NEODIPLOSTOMUM INTERMEDIUM N.SP. FROM THE 
ALLIED RAT, RATTUS ASSIMILIS, WITH REMARKS ON 
THE GENERA NEODIPLOSTOMUM AND FIBRICOLA 

(TREMATODA: DIPLOSTOMATIDAE) 


By J. C. PEARSON* 


University of Queensland Veterinary School, Yeerongpilly, Brisbane, Queensland. 
(With 8 figures in the Text) 


INTRODUCTION 


In a survey of the helminth parasites of native rats, 61 mature specimens of 
a diplostome trematode were found in the small intestine of one of 26 allied rats 
Rattus assimilis, collected during 1956 and 1957 at Mt Glorious, Queensland. This 
parasite was not found in two eastern swamp rats, R. lutreolus, and its eggs were 
not found in the faeces of 23 R. assimilis, four R. lutreolus and 10 tree rats, Melomys 
cervinipes, from the same locality which were held in captivity. As this diplostome 
appears to be new, the name, Neodiplostomum intermedium n.sp. is proposed for it. 


DESCRIPTION 


The description is based on the study of dorsal, ventral, and lateral views of whole 
mounts, and of sagittal serial sections. Measurements are given in the text for the 
type specimen; in addition the average and range of measurements for the type 
and nine paratypes are given in Table 1. 

Diagnosis (Fig. 1). Diplostomatidae. Small worm 1-13 mm. long. Bisegmentation well- 
marked ; forebody oval, foliaceous, 670 » long by 360 » wide, tapering anteriorly and without 
shoulders on the inrolled margin, spiny on ventral surface; hindbody cylindrical, not flexed 
dorsally, shorter and narrower than forebody, 460 » long by 220 » wide, without spines. 
Oral sucker terminal, but opening ventrally, 59 » long by 45 » wide; ventral sucker 270 yu 
from anterior end, 62 » long by 57 » wide. Holdfast elliptic, 170 » long by 120 » wide, with 
anterior border 335 yw from anterior end, and 12 » from ventral sucker, with median, longi- 
tudinal, ventral slit, and containing holdfast gland postero-dorsally. 

Prepharynx not apparent (but seen in sagittal sections); pharynx 40 » long by 28 p» wide; 
oesophagus short, 50 » long; distance from bifurcation of gut to anterior border of ventral 
sucker 120 4; caeca do not enter holdfast and extend in hindbody to, or slightly beyond, 
posterior edge of posterior testis. 

Ovary triangular, submedian on right side, situated just behind junction of fore- and hind- 
body, 64 » long by 83 » wide; anterior testis subrectangular 107 » long by 160 » wide, almost 
as wide as posterior testis, cut away on left side posteriorly to accommodate Mehlis’s gland; 
posterior testis 109 » long by 164 » wide, subrectangular, concave on posterior face next to 
coiled seminal vesicle. Vitelline follicles large, largest in holdfast and hindbody, attaining 
57 x 36 » in latter; abundant in forebody, extending anteriorly just beyond ventral sucker; 
reduced in hindbody to two ventro-lateral, single-file bands of large follicles which extend to 
posterior border of the seminal vesicle; vitelline reservoir inter-testicular, on right side. 
Uterus does not enter forebody, contains seven eggs. Genital bursa small, shallow, sub- 
terminal, opens dorsally, lacks a genital cone; hermaphroditic canal opens by a transverse slit 
in ventral wall of bursa. 


* Senior Research Fellow in Helminthology. 
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Host. Allied rat, Rattus assimilis Gould. 


Location. Small intestine. 
Locality. On the edge of rainforest, Mt Glorious, Queensland, Australia. 


J. C. PEARSON 





_ 








Specimens. Type and 3 paratypes: U.S. Nat. Mus. Helm. Coll. nos. 38,276 and 38,277, 
Paratypes: South Australian Museum, Adelaide, no. E. 695-6—7; coll. Dubois (Neuchatel), 


and author’s collection. 


Table 1. Measurements of type material, Neodiplostomum intermedium 


Total length 
Forebody length 
Forebody width 
Hindbody length 
Hindbody width 


Ratio hindbody length/ 


forebody length 


Oral sucker length 


Oral sucker width 
Pharynx length 
Pharynx width 


Ventral sucker length 
Ventral sucker width 


Holdfast length 
Holdfast width 


0-68 (0-63—0-78) mm. 
0-37 (0-32—0-41) mm. 
0-45 (0-42—0-47) mm. 
0-23 (0-22—0-26) mm. 
0-65 (0-60—0-70) mm. 


52 (43-59) p 
48 (44-50) p 
41 (38-45) p 
30 (27-32) 
55 (50-57) p 
60 (59-66) 
190 (150-210) » 
71 (64-85) p 


(Average, and range, of type and 9 paratypes) 
1-13 (1-05—1-25) mm. 


Ratio holdfast length/1/3-5—1/4-4 


forebody length 
Dist. ph. to bifure. 
of gut 


Dist. bifure. to v.s. 


Egg 

Ovary length 

Ovary width 

Ant. testis length 

Ant. testis width 

Post. testis length 

Post. testis width 

V.s. to holdfast 

V.s. to flap over 
holdfast 


54 (50-81) p 


122 (111-137) , 
66-76 x 49-52, 
60 (55-66) 
84 (76-95) » | 

110 (88-120) p» 
160 (150-180) , 
110 (100-120) p 
170 (150-200) p 
ca. 10 B 
50-80 » 


Appearance of holdfast. In the type specimen (Fig. 1) the holdfast is protracted, 
and projects beyond the level of the ventral surface of the forebody ; it is broadly 
elliptical being 170 » long by 120 » wide, and contains numerous large vitelline 
follicles. In the paratypes, however, the holdfast is retracted. In this condition 
(Fig. 2) it appears as an elongate oval body 150-210 » long by 64-85 yw wide, with | 
a median longitudinal sulcus, lying flush with the ventral surface of the forebody 
and with its anterior end covered by a thin fold of the forebody extending back | 
for 52-78 » from the ventral sucker. The large vitelline follicles, which are within 
the protracted holdfast, appear to be separate from the retracted holdfast and 
are arranged in a single row on each side. The same condition, with holdfast | 
retracted and covered anteriorly by a flap, was described by Pearson (1956) for the 
diplostomulum of Alaria arisaemoides. 

The difference in appearance, shape, and size of retracted and protracted hold- 
fasts is so striking that it could possibly lead to errors in identification. This 
apparently happened in the case of Fibricola laruei Miller, 1940. This species was 
separated from F. cratera (Barker & Noll) Dubois, 1932, largely by the small size 
and oval shape of the holdfast organ. It was later reduced to a synonym of 








F. cratera by Read (1948). A comparison of the figures of F. cratera of Dubois 
(1938, p. 358, fig. 250) and Barker (1915, pl. 2, fig. 1) with that of Miller (1940, 


fig. 1) suggests that the holdfast was protracted in the specimens studied by Barker | 


& Noll and by Dubois, but was retracted in those examined by Miller. 
Spination. While spines were difficult to see on whole mounts, it could be seen 

from serial sections that the whole ventral surface of the forebody is densely 

covered with fine spines which project beyond the outer border of the cuticle. The 
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cuticle covering the ventral surface of the forebody is thinner than that over the 
rest of the body. The dorsal surface of the forebody also bears numerous fine spines, 
but these are completely embedded in the cuticle. The hindbody is spineless. 














; 


Fig. 1. Neodiplostomum intermedium, type specimen (ventral view; camera lucida). 


Fig. 2. Ventral view of a paratype with holdfast retracted. 


Reproductive system (Fig. 3), amphitypic 

Female. The triangular ovary is submedian and lies just behind the junction of 
the fore- and hindbody. The oviduct arises postero-dorsally in the midline, shortly 
giving rise to Laurer’s canal, which opens dorsally in the midline. The oviduct then 
runs laterad and ventrad passing back lateral to the anterior testis to Mehlis’s 
gland, where it is joined by the vitelline duct from the vitelline reservoir. Ootype 
and Mehlis’s gland lie more or less between the testes on the side opposite that to 
which the ovary is displaced. The uterus runs postero-dorsad to the inter-testicular 
zone, where it turns ventrad and mediad, and then comes forward ventral to the 


8 Parasit. 49 
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anterior testis as the ascending limb of the uterus. This limb turns back upon itself 
at the junction of the fore- and hindbody and, as the descending limb, runs back 
ventrally in the midline, to the genital bursa. 
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Fig. 3. Reconstruction of reproductive system from sagittal sections. 


Figs. 4-6. Camera lucida outlines of hindbody of paratypes showing variation in shape of 
testes (dorsal views). 


Figs. 7, 8. Camera lucida outlines of hindbody of paratypes showing variation in extent of 
vitellaria (ventral views). 


The vitelline follicles are unusually large and discrete, especially in the hindbody. 
In the forebody they are densest beside and behind the holdfast: they extend 
anteriorly to, or just beyond, the anterior margin of the ventral sucker. In the 
hindbody the large follicles form two distinct lateral bands on the ventral side 
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which extend at least as far as the mid-point of the posterior testis (Fig. 7), and 
usually extend beyond the posterior border of the posterior testis (Fig. 1). In five 
of the nine paratypes the band of vitellaria on the same side as the vitelline 
reservoir is shorter than the other band (Fig. 8). The vitelline reservoir lies between 
the testes, opposite Mehlis’s gland. 

Male. The anterior testis is as wide, or almost as wide, as the posterior testis: 
it is almost symmetric in some specimens (Fig. 4), but is subtriangular in others 
(Figs. 5, 6). The posterior testis varies in shape from subrectangular (Fig. 6) to 
bilobed posteriorly (Figs. 4, 5). Both testes have a median longitudinal sulcus on 
the ventral face to accommodate the vas deferens. Vasa efferentia arise antero- 
ventrally and join near the anterior border of anterior testis to form the vas 
deferens, which is thin-walled, large, and full of spermatozoa. The vas deferens 
loops back upon itself anterior to the anterior testis and then runs posterad, ventral 
to the testes and dorsal to the uterus, to the posterior border of the posterior testis 
where it turns dorsad and dilates to become the seminal vesicle. The seminal vesicle 
is sinuous, and gives rise to the ejaculatory duct dorsally. The ejaculatory duct is 
slender, thick-walled, and runs postero-ventrad to join the uterus. No trace of 
a periprostate was seen. The hermaphroditic canal, which is formed by the union 
of uterus and ejaculatory duct, is short and opens directly into the genital bursa 
by a transverse slit. Genital cone absent. 

The morphology of the reproductive system agrees generally with that of 
F. cratera as described by Ulmer (1955), except that the ejaculatory duct is 
relatively longer and apparently more muscular in Neodiplostomum intermedium. 


Comparison 

N. intermedium shows affinities with species of both Neodiplostomum and 
Fibricola. It resembles Fibricola spp. in having the vitellaria reduced in the hind- 
body and in parasitizing a mammal, but differs in having a nearly symmetric 
anterior testis, elongate holdfast, and well marked bisegmentation. N.intermedium 
resembles species of Neodiplostomum (Conodiplostomum) in having a nearly sym- 
metric anterior testis, but differs in lacking a genital cone. N. intermedium differs 
in having a nearly symmetric anterior testis from all of the species of Neodiplo- 
stomum (Neodiplostomum) listed by Dubois (1953), except N. cochleare (Krause) 
La Rue, 1926, N. conicum Dubois, 1937, and N. americanum (Chandler & Rausch) 
Dubois & Rausch, 1948. N. intermedium differs from these three species in having 
the vitellaria in two ventro-lateral bands in the hindbody. Since Dubois (1953), 
three species of Neodiplostomum (Neodiplostomum) have been described by Bisseru 
(1956) from African birds of prey, namely N. berghaani, N. prudhoei and N. pseudo- 
gypsis. These differ from N. intermedium in having an asymmetric anterior testis, 
and vitellaria not in two simple bands. Of the species of Neodiplostomum not 
assigned to subgenera by Dubois (1953), N. intermedium resembles N. gumbudia 
Gogate, 1940, in having a nearly symmetric anterior testis, but differs according to 
the key in Dubois (1953) in having an oval holdfast and a forebody which is 
narrower than wide. 
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Generic determination 


The limits of the closely related genera Neodiplostomum and Fibricola have been 
subject to some controversy. As defined by Dubois (1932, 1938), the genus Fibricola 
Dubois, 1932, differed from the genus Neodiplostomum Railliet, 1919, in having the 
vitelline follicles confined to the forebody and in being parasitic in mammals rather 
than birds. At this time (1932), Dubois placed Neodiplostomum and Fibricola in 
a new subfamily, Neodiplostominae, but later (1936) he reduced this subfamily to 
a synonym of the subfamily Diplostominae and put Neodiplostomum in the Diplo- 
stominae and Fibricola in the Alariinae. Later, Chandler (1942) described F’. texensis 
in which the vitelline follicles extended to a variable extent into the hindbody, 
Chandler realized that F. texensis was intermediate in form between NV. lucidum 
La Rue & Bosma, 1927, and Fibricola spp., but placed it in the latter genus because 
Fibricola had fewer species. This is shown by his remark that: ‘If it were not for 
the fact that the genus Neodiplostomum is already large and unwieldy there would 
be justification for merging the genus Fibricola with it.’ Dubois (1944) erected the 
genus Theriodiplostomum (subfamily Diplostominae) for NV. lucidum and F. texensis, 
largely because they occur in mammals (character of Fibricola and hence of sub- 
family Alariinae) and the vitelline follicles extend into the hindbody (character of 
Neodiplostomum and hence of subfamily Diplostominae). He considered (p. 88) 
Theriodiplostomum to be intermediate between Neodiplostomum and Fibricola. 
Chandler & Rausch (1946) and Read (1948) felt that there was no justification for 
the erection of the genus Theriodiplostomum or for the separation of Fibricola and 
Neodiplostomum in separate subfamilies. Read considered that the only reason for 
retaining Fibricola separate from Neodiplostomum is the tendency toward concen- 
tration of the vitellaria in the forebody in Fibricola. Dubois & Rausch (1950) 
agreed with Read and suppressed Theriodiplostomum as a synonym of Fibricola. 
They redefined Fibricola and separated it from Neodiplostomum on the basis of the 
tendency toward the concentration of vitellaria in the forebody (reduction in 
number and density, but increase in size of follicles) and the adaptation to 
mammals. On this basis, V. intermedium appears to belong to Fibricola, since it is 
parasitic in a mammal and has the vitellaria reduced (to two bands) in the hind- 
body. Nevertheless, when other characters, such as the median or submedian 
ovary, almost symmetric anterior testis, elongate holdfast, and well-marked 
bisegmentation of the body, are considered, this species clearly belongs in 
Neodiplostomum. 


Relationships 


The subgenus Conodiplostomum Dubois, 1937, is characterized (Dubois, 1953) by 
the possession of a genital cone and, with a single exception, a symmetric anterior 
testis ; the subgenus Neodiplostomum Dubois, 1937, is characterized by the absence 
of a genital cone and, with three exceptions, the possession of an asymmetric 
anterior testis. If the subgenus Neodiplostomum is derived from the subgenus 


Conodiplostomum, as Dubois (1944) has suggested, then N. intermedium, with ~ 


almost symmetric anterior testis, stands near the origin of the subgenus Neodiplo- 
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stomum, and shows affinities with N. conicum, N. cochleare and N. americanum, 
parasitic in owls. On the other hand, N. intermedium shows affinities with Fibricola 
spp. of Dubois (1953) in its occurrence in a mammal and in the reduction of the 
vitellaria in the hindbody. N. intermedium appears to be intermediate between 
F. lucida and the species of Neodiplostomum (Neodiplostomum) listed above, and 
to form another link in the phylogenetic series proposed by Chandler (1942) and 
Dubois (1944), linking these two genera (Diagram I). The relationships of NV. inter- 
medium which are suggested by its affinities are shown diagrammatically below 
(Diagram IT). In preparing this diagram of relationship the assumption is made that 
all of the species parasitic in mammals are derived from a single line of evolution 


Diagram I. Earlier conception of relationship of Fibricola and Neodiplostomum 
(After Chandler, 1942; Dubois, 1944.) 


F.. minor F. caballeroi 


#. ilies 
F. ennnele 
F. a 
Genus Fibricola Vitellaria tend to be reduced in hindbody; 
parasitic in rnaammals 


~~ Genus Neod iplostomum 
| parasitic in birds 


Diagram II. Proposed relationship of Fibricola and Neodiplostomum 


N. minor N. caballeroi 
+ Vitellaria confined to 
| forebody 
N. cratera N. texensis 
4 Vitellaria further 
| reduced 
N. lucida 
+ Ant. testis becomes 
| asymmetric 
ae N. intermedium 
Most of the species of Neodiplostomum Neodiplostomum (Fibricola) 
(Neodiplostomum) t Vitellaria reduced in hindbody ; 
| in mammals 


Anterior testis becomes 
asymmetric | 


Neodiplostomum (Neodiplostomum) 





N. conicum, N. cochleare, N. americanum 
+ Genital cone lost . 


Neodiplostomum (Conodiplostomum) 
Genital cone present; vitellaria 

abundant in hindbody; anterior 

testis symmetric; in birds 
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from the subgenus Neodiplostomum (Neodiplostom um). If the scheme given in 
Diagram IT is essentially true, then it follows that the asymmetry of the anterior 
testis in Fibricola spp. and in most Neodiplostomum spp. is a parallel development. 
The validity of the distinction between Fibricola and Neodiplostomum, which was 
doubted by Chandler (1942) and questioned by Chandler & Rausch (1946), but 
supported by Read (1948) and by Dubois & Rausch (1950), must again be 
questioned since the form described here is intermediate between the genera 
Neodiplostomum and Fibricola emend. Dubois & Rausch, 1950. Two solutions to 
this problem suggest themselves: (a) that Fibricola be reduced to synonymy with 
Neodiplostomum (Neodiplostomum) since there is a series of intermediate forms, or 
(6) that Fibricola be made a subgenus of Neodiplostomum. The second solution 
appears to be better because it would suggest that there are three equal and closely 
related groups, Conodiplostomum, Neodiplostomum and Fibricola. Also, putting the 
species described here with the other species of Fibricola would unite in one group 
those species characterized by a tendency toward reduction of vitellaria in the 
hindbody and by occurrence in mammals. These two characters are considered by 
Dubois (1944) and Dubois & Rausch (1950) to have been of prime importance in 
the phylogeny of Fibricola spp. If Fibricola is to become a subgenus of Neodiplo- 
stomum, then the subfamily Alariinae must fall as a synonym of the subfamily 
Diplostominae as the difference in distribution of vitellaria no longer holds. Further 
the subfamily Alariinae, as defined by Dubois (1938, 1953), comprises genera 
with very different features, such as those without lappets (or pseudosuckers) or 
genital cone (Fibricola, Pharyngostomum, Podospathalium), those with lappets but 
without genital cone (Didelphodiplostomum, Enhydridodiplostomum), and those 
with both lappets and genital cone (Alaria, Pharyngostomoides). 

It is proposed that the genus Fibricola be made a subgenus of the genus Neodiplo- 
stomum, and that the species, N. intermedium described here be placed in the 
subgenus Fibricola. In order to accommodate N. intermedium, the emended 
definition of Fibricola by Dubois & Rausch (1950) must be further emended to read: 
ovary median, submedian, or lateral, and anterior testis asymmetric or nearly 
symmetric. The species described herein becomes Neodiplostomum (Fibricola) inter- 
medium. In order to accommodate the subgenus Fibricola, the generic diagnosis 
of Neodiplostomum by Dubois (1953) must be emended to read: vitellaria in both 
fore- and hindbody or confined to forebody, bisegmentation of body more or less 
well marked, parasitic in birds and mammals. The three subgenera can be 
separated as follows: 
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A. Genital cone present; anterior testis usually symmetric. Subgenus Conodiplostomum 
AA. Genital cone absent; anterior testis usually asymmetric. 
B. Vitellaria abundant in hindbody; parasitic in birds. Subgenus Neodiplostomum 
BB. Vitellaria reduced or absent in hindbody; parasitic in mammals. Subgenus Fibricola 
In connexion with the above proposals concerning Neodiplostomum and Fibricola, 
it is important that the type species be well known and the type material available. 
The type species of Neodiplostomum (Conodiplostomum) is N. spathula (Creplin), 
a well-known species, with type material available. The type species of Neodiplo- 
stomum and hence of Neodiplostomum (Neodiplostomum), designated by Railliet 
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(1919) as type of his new genus, Neodiplostomum, is N. spathulaeforme (Brandes). 
Brandes (1890) briefly described this species from a single immature specimen, 
which has since been lost. The species has never been found again and redescribed, 
probably because the original and only description is inadequate. To remedy this 
situation, Dubois (1953) proposed N. spathoides Dubois as the type species, and 
placed NV. spathulaeforme in the category of species delineatae. As Bisseru (1956) 
has pointed out, this action of Dubois contravenes the International Rules and 
‘species delineatae’ have no recognition in the Rules. However, if NV. spathulae- 
forme is recognized as a nomen dubium and subsequently placed on the list of 
rejected specific names, then it cannot act as type species but must be replaced by 
another species, preferably NV. spathoides. That N. spathulaeforme should be con- 
sidered a nomen dubium is evident since the existing description is such that no 
specimens could be assigned to the name and the type material is lost. 


SUMMARY 


Neodiplostomum intermedium n.sp. from the small intestine of the allied rat, Rattus 
assimilis, is described. It can be separated from other species of Neodiplostomum 
by the following combination of characters: genital cone absent; vitellaria form 
two ventro-lateral bands in hindbody without terminal masses; anterior testis 
nearly symmetric, as wide as posterior testis. It is proposed that Fibricola be made 
a subgenus of Neodiplostomum containing the species in Fibricola and the species, 
N. intermedium described herein, because NV. intermedium is intermediate between 
Neodiplostomum (Neodiplostomum) and Fibricola. Further evidence is given in 
favour of the invalidation of the subfamily Alariinae. 


This study was supported by a grant from the Rural Credits Fund of the 
Commonwealth Bank of Australia. Thanks are due to Professor J. F. A. Sprent, 
University Veterinary School, for his criticism of the manuscript, and to Mr K. 
Webber and his sons for their aid in trapping rats. 
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THE IDENTITY OF THE LARVAL NEMATODES FOUND 
IN THE BODY MUSCLES OF THE COD (GADUS 
CALLARIAS 1.) 


By J. N. R. GRAINGER 
Department of Zoology, The University, Hull 


(With 15 Figures in the Text) 


INTRODUCTION 


There is a very extensive literature on the larval nematodes found in cod (Gadus 
callarias L.). As this has been recently summarized by Dollfus (1953), it is not 
proposed to review it here. There has been very considerable confusion in the past 
over the identification of these nematodes, the main difficulty being that few of the 
adult characters are to be found in the larvae. Some of the larvae which have been 
found have an oesophagus divided into two parts (an anterior muscular portion 
and a posterior glandular part) and, in addition, have caeca in the digestive tract. 
When these are present it is often possible to assign the larva to a genus. With 
Contracaecum, for instance, very young larvae show, like the adult, one caecum 
extending anteriorly from the front of the intestine and another extending pos- 
teriorly from the glandular part of the oesophagus (Dollfus, 1953). Young larvae 
do not always, however, have the same form of gut as the adult. In Porrocaecum 
larvae smaller than 28 mm. the intestinal caecum found in the adult has not yet 
developed (Baylis, 1916). Thus, larvae showing a division of the oesophagus into 
two parts, but having no gut caeca at all, may belong to any of several genera. Such 
larvae are unfortunately common in the body musculature of cod. They have been 
ascribed principally to three genera—Anisakis, Eustoma (= Acanthocheilus) and 
Porrocaecum (Dollfus, 1953). 

The object of this study was to identify as far as possible the larval nematodes 
found in the epaxial and hypaxial muscles of cod. The larval nematodes which are 
found in the viscera are not considered here. 


LARVAE FROM COD BODY MUSCLE 


It was found by means of culture experiments that the larvae in cod muscle 
belong to two genera: Porrocaecum and Anisakis. Since there has been so much 
confusion over the identity of such larvae in the past, detailed descriptions are 
now given of each. All the forms described in this report were obtained from 
Icelandic cod. These fish had been stored on ice for a number of days. In spite of 
this the larvae became very active when they were removed from their cysts and 
kept at room temperature for a short time. 
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(a) Description of larval Parrocaecum 


These larvae were found coiled, usually in a spiral inside a capsule, embedded 
in the musculature of the cod. The capsule is thin and membranous. According to 
Baylis (1916), the worm itself is usually surrounded by one or more cast-off 
cuticles distinct from the capsule wall. I can confirm this. In a few cases the front 





part of the worm was wound in one spiral, and the posterior part coiled into | 
another. A few worms were found in the act of penetrating the musculature from | 


the body cavity of the cod. 
The living worm is usually whitish or reddish in colour. There is considerable 


variation in the extent of the red coloration, and it is frequently confined to the | 


posterior part of the body. It may be due to haemoglobin, and it is principally 
found in the cells lying between the gut and the body-wall musculature. 

There was some variation in the length of the worms: the majority of them were 
between 35 and 48 mm. in length. All the measurements given in this paper were 
made on worms which had been killed in hot 70° alcohol and cleared in lacto- 
phenol. Some of the worms were slightly more extended and some had slightly 
contracted by this treatment, so that the range of measurements in each case is 
probably rather greater than in the living worms. The maximum width varied 
between 0-7 and 1-0 mm. The body cuticle was smooth, except for fine, incomplete 
transverse striations. The presence of these seemed to depend on the tension on the 
cuticle. In places where the worm was bent and the cuticle was thus somewhat 
stretched, no striations were seen. 

The mouth is surrounded by an undivided lip mass (Figs. 1, 3). It is, however, 
possible to distinguish the position of the three future lips by the indentations at 
the edge of the fused lip mass and also by reference to the ventral situation of the 
excretory pore which lies adjoining the fused lips (Fig. 3). The mouth is triangular 
and on the lip mass surrounding it are 3 or 4 blunt papillae. These papillae may 


perhaps be artifacts due to fixation. A conspicuous boring tooth lies on the lip | 


mass on the mid-ventral side. This is in contradiction with Baylis (1916) who states 
that it is lateral in position. No fine teeth can be distinguished on the lip mass. At 
the extreme posterior end of the body is a small papilla-like process (Fig. 2). 
The oesophagus is divided into two parts, an anterior muscular, and a posterior 
glandular part. The length of the muscular portion varied between 2-2 and 2-8 mm. 
The glandular portion is shorter, and varied between 1-0 and 1-4 mm. There is an 
oblique junction between the oesophagus and the intestine (Fig. 8). The length of 
the caecum lay between 0-6 and 1-2 mm. but in any individual worm it was slightly 
shorter than the glandular part of the oesophagus (=ventriculus). In the living 
worm the intestine and caecum and usually the ventriculus as well (but not the 
muscular part of the oesophagus) were opaque, and in transmitted light looked 
black. In preserved and cleared specimens, however, this opaqueness was lost, 
and the intestine became a very pale brown colour. In most cleared specimens 
it was not easy to distinguish the caecum. Consequently, the gut must be dissected 
out in order to be sure that the caecum is present. The importance of this cannot 
be over-emphasized. It can readily be done by cutting the worm into pieces and 
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Figs. 1-3. Larva of Porrocaecum from cod musculature. Fig. 1. Side view of lip mass. Fig. 2. 
Tail. Fig. 3. Front view of lip mass. E.P., Excretory pore; M, mouth; P., papillae; 7’., boring 
tooth. 

Figs. 4-6. Larval Anisakis from cod body muscle. Fig. 4. Side view of lip mass. Fig. 5. Front 
view of lip mass. Fig. 6. Tail. D., Denticles; H.P. excretory pore; M., mouth; O., oesophageal 
opening; P., papillae; 7’., boring tooth. 
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squeezing out the gut with a fine needle. The tip of the caecum is attached to the 
body wall by a number of fibrous strands (Fig. 8). 

I have compared the larval Porrocaecum described above, obtained from the 
musculature of Icelandic cod, with specimens (preserved in glycerine-alcohol) 








from cod caught off the east coast of Canada, and kindly sent by Dr Ronald. I am 


unable to find any difference between the larvae from these two sources. 


(b) Description of larval Anisakis 


These worms, like the Porrocaecum, were usually found coiled in a spiral, 
enclosed in a thin-walled cyst embedded in the musculature of the cod. When 
removed from the capsule they are in most cases completely colourless, except for 
the glandular part of the oesophagus, which is white and opaque. In transmitted 
light this appears black. Occasionally specimens are found which show a slight 
reddish coloration in the posterior part of the body. The cuticle is smooth, except 
for slight striations at intervals, but the presence of these seemed to depend to some 
extent on the state of extension of the worm. The larvae were on the whole smaller 
than those of Porrocaecum, having an average length (in preserved specimens) of 
between 21 and 33 mm. and a maximum width of between 0-49 and 0-55 mm. 

The mouth is surrounded by a lip mass (Figs. 4, 5). The positions of the future 
lips cannot be discerned on this. On the lip mass are usually found a few scattered 
rather flat papillae. These, like those of Porrocaecum, may be artifacts due to 
fixation. The mouth opening is more or less triangular, the apex of the triangle 
pointing towards the ventral side. On the lip mass on the ventral side lies a very 
prominent boring tooth. The edge of the lip mass is covered with large numbers of 
minute teeth or hairs. There does not appear to be a sharp division between the 
lip mass and the rest of the body. The excretory pore lies just outside the border of 
fine teeth on the ventral side. At the extreme posterior end of the body is a small 
papilla (Fig. 6). 

The oesophagus consists of two portions—an anterior muscular part and a 
posterior glandular part. The length of the former lay between 2-4 and 2-6 mm. 
The length of the latter lay between 0-7 and 0-8 mm. When cleared in lactophenol 
the glandular part becomes completely transparent like the muscular part. The 
oesophagus and intestine are straight in the living worm. On dissection it was 
found that no trace of a caecum (intestinal or oesophageal) was present. 


RESULTS OF CULTURE EXPERIMENTS 


As the identification of the larval worms, particularly the smaller ones, is almost 
impossible when they are in the larval state, it was decided to try and get them to 
an identifiable state by culturing them in test tubes. 

Martin (1921) succeeded in inducing two Porrocaecum larvae from the muscu- 
lature of Osmerus eperlanus to moult to the pre-adult state in culture, by keeping 
them in the following solution at 38° C.: 100 g. of 0-2 HCl solution + 30 drops of 
a pepsin-glycerine extract of rennet+4c.c. of pieces of raw fish. From his 
description it is probable that the pre-adults were abnormal. This may have 
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been due to the severe fungus infection which he mentioned was found in the 
cultures. 

The presence of an intestinal caecum in some of the present larval worms sug- 
gested that they belonged to the genus Porrocaecum. Since there is some evidence 
that Porrocaecum larvae from the flesh of Canadian cod become adult in the stomach 
of the harbour seal (Phoca vitulina) (Scott, 1953), cultures were run at 37° C. and 
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Figs. 7-10. Pre-adult Porrocaecum obtained by culture. Fig. 7. Front view of lips. The mouth 
and excretory pore are not shown. Fig. 8. Part of the gut dissected out. Fig. 9. Side view 
oflips. Fig. 10. Tail. A.L., Anterior lobes; D., denticles; G.o., glandular part of oesophagus; 
1, intestine; I.C., intestinal caecum; L., ligaments; .V.0., muscular part of oesophagus; 
P., papilla; P.Z., posterior lobe. 


the buffer solution used had a low pH. These conditions were thus similar to those 
employed by Martin (1921). The buffer used throughout consisted of 0-4 ml. 
0-2m-Na,H PO, and 19-6 ml. of 0-1 citric acid. This had a pH of 2-2. Some experi- 
ments were carried out at pH 7-2 (17-4 ml. 0-2mM-Na,HPO, + 2-6 ml. 0-1 Mcitric acid) 
in the presence of 0-1 °% trypsin. The worms in these experiments died in 2 days, 
probably because of the heavy bacterial growth in the tubes. In all the experiments 
at pH 2-2 bacterial contamination was negligible. In a few cases there was some 
slight growth of a yeast in the tubes, but this had no apparent effect on the worms. 
In most cases the media were changed every 2 days. The tubes were kept in racks 
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immersed in a constant temperature bath, and were not shaken or artificially 
aerated. In the following account Porrocaecum and Anisakis larvae are treated 
together, as no difference was found between them in their culture behaviour. 


(a) Hatching from cysts 


When the cysts containing the larvae are removed from the cod muscle, the 
larvae lie quiescent inside. On being placed in the buffer solution at pH 2:2 at 
37° C., the worms emerged within a few hours. Under the same conditions but 
with a commercial pepsin preparation added to a concentration of 1 °% the worms 
all hatched within 10 min. Clearly the presence of the pepsin assists hatching, 
probably by softening the cyst. 

On emergence from the cysts, the worms show great activity, and this persists 
for several hours. By the next day, however, they are much quieter. 


(6) Factors involved in the moult to the pre-adult state 


The effects of various conditions on the moult to the pre-adult state are given 
in Table 1. It is clear from this: (1) that the addition of pieces of fish to the tubes 
is essential for the moult to take place, (2) that, while pepsin assists hatching from 
the cysts, it is not essential for moulting, and (3) that a high temperature is 
essential for the moult to take place. 


Table 1. Effect of various culture conditions on moulting to the pre-adult stage 


No. Total dead by No. 
Temp. larvae No. —_—— _ living on 
Medium (° C.) at start moulted 5thday 10th day 10th day 
Buffer 37 8 0 3 5 3 
Buffer + 1% pepsin 37 28 0 10 22 6 
Buffer + 0-5 °, Lablemco 37 6 0 3 4 2 
Buffer + 1° pepsin + fish on 37 9 7 0 2* : 
day 1 
Buffer + 1°, pepsin + fish 37 10 7 0 3* 8* 
on day 2 
Buffer + 1% pepsin + fish 37 9 2 1 6 3 
on day 4 
Buffer + fish on day 1 37 9 4 0 2 7 
Buffer + fish on day 1 16 9 0 0 2 7 
Buffer + 1% pepsin + fish 16 9 0 1 1 8 
on day 1 


* Eighth day. 


All the larvae used consisted of roughly equal numbers of Porrocaecum and 
Anisakis from Icelandic cod, with the exception of those noted in the last three 
lines of Table 1 which consisted of Porrocaecum only. These were obtained from 
cod fished off the west coast of Scotland (Butt of Lewis) and appeared to be 
identical with the Icelandic ones, both as larvae and as pre-adults. 

Pieces of fish were added to the tubes only on the days mentioned. The fish was 
always removed after 24 hr., and the medium was then replaced by fresh solution. 
Table 2 shows the effect of the time at which fish was given on the time at which 
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the moult occurred. It is clear, although the numbers are small, that the larvae do 
not moult until at least 3 or 4 days have elapsed from the time at which they were 
given food. All the experiments given in Table 2 were carried out at 37° C. 


Table 2. Influence of feeding on moulting to the pre-adult stage 


Days after beginning 
of experiment ~~ © 2 3 4 5 6 7 8 9 10 = 11 Totals 


0 0 0 0 0 7 


cm) 
bo 
to 


No. worms moulting Fed 0 
after being fed on 

day 1 

No. worms moulting — Fed 0 0 0 5 1 0 l 0 0 
after being fed on 

day 2 

No. worms moulting — — — Fed 0O 0 0 l 0 l 0 2 
after being fed on 

day 4 


ba | 


DESCRIPTION OF PRE-ADULTS 
(a) Porrocaecum 


No marked change in length was observed when the worms moulted, nor was there 
any marked change in the main body cuticle. Irregular striations are found in this, 
but seem to depend on the degree of extension of the cuticle. 

The most conspicuous change is in the differentiation of the lip mass into three 
distinct lips (Figs. 7 and 9). The anterior portion of each lip is markedly bilobed, 
and an almost continuous row of denticles runs along its edge. Behind these lobes 
is a single posterior lobe with a fine dentigerous margin. The ventro-lateral lips 
each bear a small papilla on their outer surface. The dorsal lip bears two papillae 
on its outer surface. These are often difficult to see. No interlabia are present. 

At the extreme posterior end of the body the papilla, so conspicuous in the larva, 
has almost gone in the pre-adult (Fig. 10). 

In the gut a marked change has taken place in the intestine, which now shows 
numerous irregular indentations and has lost the even cylindrical form found in 
the larva. No marked change is observable in the rest of the gut. The relative 
lengths of the two parts of the oesophagus and the caecum appear to be the same in 
the pre-adult as in the larva. 

No cervical alae are present. If, however, the worm is dying, the cuticle 
frequently parts from the body wall, giving an appearance of alae. This is clearly 
what has happened in the worm figured by Martin (1921), in which conspicuous 
cervical alae were present. 

I have closely examined the pre-adults, and I am unable to find the pre-anal 
or post-anal papillae which Martin (1921) claimed to have seen. In some individuals 
the developing vagina and uteri could be clearly seen. Attempts to rear the pre- 
adults to the fully adult state have so far failed. 


(b) Anisakis 
There is no marked increase in size following the moult from the larval to the 
pre-adult stage. The moulted animal shows a number of conspicuous differences 
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from the larva. The most obvious is the differentiation of the lips (Figs. 11 and 14), 
The dorsal lip is the largest and bears two large blunt papillae on its outer surface, 
and the two ventro-lateral lips each have a single large papilla on their outer 


surface. The inner part of each lip is rounded or has a slightly bilobed appearance | 


and bears a line of fine denticles. No interlabia or posterior lip lobes are present, 
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Figs. 11-15 Pre-adult Anisakis obtained by culture. Fig. 11. Anterior view of lips. The 
mouth is not shown. Fig. 12. Part of gut dissected out. Fig. 13. Tail. Fig. 14. Side 
view of lips. Fig. 15. Surface view of body cuticle. D., denticles; D.L., dorsal lip; E.P., ex- 
cretory pore; G.O., glandular part of oesophagus; J., intestine; M/.O., muscular part of 
oesophagus; O.V., oesophageal valve; P., papilla. 


The whole body cuticle bears regular distinct transverse lines giving the worm, 
when seen under high magnification, an almost segmented appearance (Fig. 15). 
The papilla at the extreme posterior end of the body is greatly reduced in size 
(Fig. 13). 

A marked change is to be seen in the intestine which is no longer a smooth 
cylindrical tube, but now has many identations. The glandular part of the oeso- 
phagus in most specimens now has a distinct bend at its anterior end, so that the 
appearance of the posterior end of the oesophagus is almost sigmoid (Fig. 12). 
In a few preserved individuals, this part of the oesophagus is straight. No marked 
changes were observed in the relative proportions of the two parts of the oesophagus. 

These pre-adults are very similar to those described by Dollfus (1948) as Anisakis 
sp. from the stomach of Orca orca (L.). Attempts to rear the pre-adults to the adult 
stage have, so far, failed. 
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DISCUSSION 

The larger larvae taken from cod body muscle proved, when reared to the pre- 
adult state in culture, to belong to the genus Porrocaecum Raillet & Henry, 1912, 
subgenus 7'erranova Leiper & Atkinson, 1914, on the basis of the characters given 
above. Thirteen species of this sub-genus are known (Mosgovoy, 1951). On the 
basis of the morphological characters of the pre-adults it is not possible to assign 
them to any one of these species. The culture experiments (Table 1), however, 
seem to indicate that the present larvae become adult in a warm-blooded host; if 
this is so, the number of known species to which they might belong is immediately 
reduced to two (the other species all being found as adults in the gut of fish and 
reptiles), namely, 7’. decipiens (Krabbe, 1878) and 7’. antarctica (Leiper & Atkinson, 
1914). Of these the second is known only from antarctic seals, but the first has 
been recorded from many seals on numerous occasions in the North Atlantic. It 
would seem, therefore, that this is the most likely species for the present larvae 
to belong to. This is supported by the work of Scott (1953), who claimed as a result 
of feeding experiments that certain nematode larvae found in the flesh of Atlantic 
cod became adult Porrocaecum decipiens (Krabbe, 1878) in the stomach of the 
harbour seal (Phoca vitulina). 

The smaller larvae taken from the cod body muscle proved to belong to the genus 
Anisakis Dujardin, 1845, on the basis of the characters of the pre-adults, which are 
given above. Eighteen species of this genus are known (Mosgovoy, 1951), but it 
is not possible on the basis of the above characters to decide to which species the 
present specimens belong. The culture experiments suggest that the larvae become 
adult in a warm-blooded host. All the known species of Anisakis, however, have been 
recorded from mammals (whales, dolphins, seals). Lyster (1940) points out that 
this genus needs revision. Many of the species are poorly differentiated and specific 
determination of adults is often impossible. He unites three species with A. sim- 
plex (Rudolphi, 1809). If this is justified, it may well be that the present larvae 
belong to this species complex, since A. simplex (Rudolphi, 1809) has been recorded 
on numerous occasions from a wide variety of marine mammals in the North 
Atlantic and Arctic (Dollfus, 1953). 

Most of the present work was carried out on worms taken from Icelandic fish. 
In these Porrocaecum and Anisakis were present in roughly equal numbers. In a 
sample of cod from the Butt of Lewis, Scotland, only Porrocaecum were found. These 
appeared to be identical with the Icelandic ones, both as larvae and pre-adults. No 
other nematodes were found encysted in the body muscles of cod from either locality. 

Larvae were also collected from the body muscles of cod caught off Greenland 
and from some caught in the Barents Sea. No attempt was made to rear these to 
the pre-adult state. In both cases the samples consisted only of larvae which 
appeared identical with Porrocaecum and Anisakis from Icelandic fish. The latter 
were present in a great preponderance. It thus seems—although more culture 
experiments are necessary in order to prove this—that the nematode larvae taken 
from cod body muscle from these widely separated localities belong only to the 
genera Porrocaecum and Anisakis. 

9 Parasit. 49 
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Some remarks on the significance of the moult to the pre-adult state are pertinent 
at this point. - 


When the larvae of Porrocaecum and Anisakis are ingested together with cod | 


flesh by another animal, they presumably emerge from their cysts when they reach 
the stomach. If conditions are suitable, they moult within about 5 days to the 
pre-adult state (see Scott’s (1953) experiments with the seal Phoca vitulina). They 
are now equipped with three differentiated lips, which would enable them to 
attach themselves to the gut wall and to grow to the adult state. If conditions are 
not suitable, they would either die or, retaining their larval characters (including 
the boring tooth), penetrate through the gut wall and re-encyst in the body 
muscles. Scott’s (1954) work seems to show that this is what happens when cod 
eat Smelt (Osmerus mordax) flesh containing encysted Porrocaecum. His work 
suggests that the larvae hatch from their cysts when they reach the stomach, 
penetrate the gut wall and re-encyst in the main body muscles of the cod. One of 


the main factors which determine whether or not they moult is temperature | 


(Table 1). Only when this is sufficiently high (as in the case inside marine mammals) 
will they moult to the next stage in the life cycle. In cold-blooded hosts one would 
expect them to be passed from one host to another, encysting each time, until 
they ultimately die. 

The question is now raised as to whether the larvae are viable in warm-blooded 
animals apart from marine mammals. Four larvae (Anisakis + Porrocaecum) were 
force-fed to each of six young Wistar Albino rats, six young kittens and six pigeons. 
Fourteen days later these were killed and the whole gut examined for nematodes. 
None belonging to the present genera was found. This suggests that the worms (none 
of which was destroyed by the rat chewing them) are not viable in all mammals. 

Neither Porrocaecum nor Anisakis adults have yet been recorded from man. 
(Hitchcock (1950), who examined the faeces of 100 Eskimos in Alaska, found that 


10% of them showed Ascarid larvae. Of the specimens collected, one ‘was defi- | 
nitely identifiable to the subfamily Anisakinae, probably to the genus Porrocaecum: | 


and another could, with reasonable certainty be determined as a member of the 
genus Anisakis’. 

The work described in this paper was carried out as part of the programme of 
the Food Investigation Organisation of the Department of Scientific and Industrial 
Research, at the Humber Laboratory in Hull. 


SUMMARY 


Larval nematodes occurring in cysts in the body musculature of Icelandic cod 
have been identified as belonging to Porrocaecum Raillet & Henry, 1912 (subgenus 
Terranova Leiper & Atkinson, 1914), probably P. decipiens Krabbe and Anisakis 
Dujardin, 1845. Identification was made possible by rearing them in vitro to 
the pre-adult condition. The experiments show that the following conditions 
are necessary for the moult to the pre-adult state; (1) a fairly high culture tem- 
perature (37° C.); (2) the presence of pieces of fish for 24 hr. towards the beginning 
of the culture period. 1°% pepsin, while it assists the hatching from the cysts, i8 
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not essential for the moult to the pre-adult condition. Experiments indicate that 
the moult takes place 3-5 days after fish has been supplied. 

The larvae and pre-adults of both genera are described. Samples of larvae from 
cod from Greenland and the Barents Sea probably consist only of Porrocaecum 
and Anisakis, but a sample from West Scotland contained only Porrocaecum. The 
significance of the moult to the pre-adult state is discussed. 
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THE INCIDENCE AND DISTRIBUTION IN BRITAIN OF 
THE TREMATODES OF TALPA EUROPAEA 


By HELGA M. T. FRANKLAND 
Department of Zoology, West of Scotland Agricultural College 


INTRODUCTION 


The trematodes harboured by the mole, T'alpa europaea, have received but scant 
attention. There are three intestinal species, all of which occur in Britain, but the 
records of their distribution are very limited. Thus Davies (1932) and James (1954) 
have reported Itygonimus lorum and I. ocreatus from west Wales and Fahmy 
(unpublished thesis) recorded the same two species from south-east Scotland. In 


addition, Davies (1932) mentioned the third species, Omphalometra flexuosa, as | 


occurring in west Wales. The present work, though by no means exhaustive, fills 
in the picture to some extent by providing records from moles caught in four main 
areas: Suffolk, Cheshire—Staffordshire, Westmorland—Yorkshire, south-west Scot- 
land, and a single record from Oxford. 

Although they happen to provide a fair selection of soil types and farming condi- 
tions, these areas were not chosen deliberately, but either because the author had 
the opportunity of trapping there or through the willing co-operation of local 
mole catchers and scientific workers. 

It is, therefore, my pleasant duty to acknowledge with gratitude the assistance 
rendered by Air-Commodore the Hon. J. D. Boyle, C.B.E., the Earl of Cranbrook, 
C.B.E., Dr A. N. Frankland, D.F.C., and also by the mole catchers, Messrs Bailey, 


Clark, Faulds and Pratt. Particular thanks are due to Dr G. Crowcroft who pro- | 


vided nearly all the Suffolk material. 


MATERIAL AND METHODS 


Whenever possible moles were examined in a fresh condition. The length and sex 
of each mole were recorded and a note made of the locality and type of ground 
from which it came. The gut was then removed and the stomach separated from the 
intestine. Since the intestine presents no gross morphological differentiation, it was 
simply cut in half to give upper and lower intestines. These three sections of the gut 
were then opened and decanted in water separately, the washed residue of each 
being examined in a Petri dish under low-power binoculars. A note was made of any 
identifiable food particles and of all helminths found. 

Moles which had to be preserved before examination were stored in formalin, 
the abdominal cavity having been opened to allow penetration of the fixative. The 
gut was later treated in the same way as fresh material. Much of the preserved 
material from Suffolk consisted only of intestines, the stomachs having been used 
for other purposes, but this does not affect the trematode and cestode record as 
these groups only occur in the intestine of the mole. 
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RESULTS 
Species found 
Three species of trematode were discovered in the moles examined. They were 
Itygonimus lorum (Dujardin, 1845), I. ocreatus (Goeze, 1782), and Omphalometra 
fleauosa (Rudolphi, 1809). 
Sex of host 
The sex ratio of the catch among the 593 moles whose sex was determined and of 
those among them parasitized with flukes is shown in Table 1. 
There is, therefore, no difference between the sexes in the rate of infestation with 


flukes. 
Table 1. Sex ratio of total catch and parasitized moles 








Moles examined Moles with flukes 
r ‘ ar in ‘ ‘ 
Sex No. Ratio No. Ratio 
3 278 l 33 1 
5; 315 1-13 38 1-15 


Site of parasitism in the mole 


The site of parasitism for the three species is shown in Table 2. 


Table 2. Site of parasitism of flukes in moles 


Site of parasitism 
— 





ct ae 
Upper and 
Upper Lower lower Notes on cases from upper 
Species intestine intestine intestine and lower intestine 
I. lorum 0 86 1 1 fluke in upper intestine and 
9 in lower intestine 
I. ocreatus 77 + 8 4 moles fairly heavily infested 
0. flexuosa 44 1 6 3 moles very heavily infested 


I. lorum, therefore, is almost exclusively a parasite of the lower intestine, whereas 
I. ocreatus and O. flexuosa are predominantly parasites of the upper intestine. 


Degree of infestation per mole 


The degree of infestation per mole is shown for each species of fluke in Table 3. 


Table 3. Degree of infestation with flukes per mole 


Species No. moles Range Mean Mode 
I. lorum 85* 1-29 4-7 1 (2 nearly as common) 
I. ocreatus 78* l—many — 1 (predominantly) 
O. flexuosa 48* 1-129 7:4 1 (predominantly) 


* A few parasitized moles omitted as the number of flukes present could not be ascertained. 


Super-imposed infestations 
When immature as well as adult flukes of a species were found in one mole, it was 
considered reasonable to suppose that successive infestations had occurred. 
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Among eighty-seven moles infested with J. lorwm, eleven contained immature | 9 ' 
as well as adult flukes. The presence together of immature and adult J. ocreatus was, | exttem 
however, only observed in three out of ninety infested moles, and no immatur | its 0W! 
O. flexuosa were observed among fifty-one moles harbouring this species. It must | for ea 
be noted that the majority of the moles infested with J. ocreatus and O. flexuosa 
were examined in a preserved condition and this might have led to very small 
flukes being concealed in coagulated mucus. 

Size differences between adults found in the same mole were observed in all three 
species and these, again, may be suggestive of successive infestations. 





R. | 

Incidence and geographical distribution . . 

A study of the overall incidence of the three species of fluke shows J. ocreatus Bra 
to be the most commonly found with J. lorum a close second, and O. flexuosa 
sax 


considerably less common. The figures are given in Table 4. | 


Table 4. Overall incidence of mole flukes 











I. lorum I. ocreatus O. flexuosa 
si = co A” a. ar A— 
Moles examined No.* %t No.* ft No.* %tT 
1734 87 5-0 90 5:2 51 2-9 


* Flukes present. 
+ Percentage of moles infested with flukes. 


However, when the catch is divided up on a geographical basis, it is seen that the 
relative rates of incidence of the three species vary sharply as shown in Table 5. 








Table 5. Area distribution of mole flukes 





I. lorum I. ocreatus O. flexuosa 
Moles c A — r A ~~ a 
Area examined No.* %T No.* %T No.* %T i 
Suffolk 884 12 1-4 90 10-2 48 5:4 
Cheshire-Staffs. 445 8 1-8 0 0 3 0-7 ) 
Westmorland-Yorks. 207 49 23-7 0 0 0 0 
S.W. Scotland 97 17 17-5 0 0 0 0 
Oxford 1 1 (100-0) 0 0 0 0 
* Flukes present. 
+ Percentage of moles infested with flukes. 
0 = No flukes found. } 
' 


From Table 5 it is seen that J. lorwm has a very high incidence in the West- | 
morland-Yorkshire area and only rather less so in south-west Scotland. In the 
Cheshire-Staffordshire and Suffolk areas its incidence is very low. The position of 
I. lorum is different from that of the other two flukes in that it was found in all the ; 
areas sampled, whereas I. ocreatus and O. flexuosa have a much more limited | 
distribution as also shown in Table 5. 
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On a more detailed analysis the distribution, even within each main area, is 
extremely local. This is shown in Table 6a—d where, unless a locality has a name of 
its own, it is designated by a nearby village or river flowing through it. Land type 
for each main area is briefly indicated. 


Table 6a. Local distribution of mole flukes 


(Suffolk. Mainly fen peat.) 





I. lorum I. ocreatus O. flexuosa 
No. moles -———*———_, ——_—*—__—_ ———" 
Area examined No.* FT No.* oT No.* “Tt 
R. Lark 228 0 0 3 1-3 7 3:1 
R. Little Ouse 223 0 0 9 4-0 16 7-2 
and New Fen 
Brandon Creek 23 0 0 0 0 0 0 
R. Wissey 370 10 2-7 78 21-0 22 6-0 
Saxmundham 6 1 16-7 0 0 0 0 
Table 66. Local distribution of mole flukes 
(Cheshire—Staffordshire. Mainly lightish land.) 
Moles with flukes 
No. moles A —~ 
Area examined Species No.* %Tt 
Keele 29 I. lorum 4 13-8 
Kinderton 17 I. lorum 3 17-7 
Other areas 252 — 0 0 


Table 6c. Local distribution of mole flukes 


(Westmorland—Yorkshire. Peaty and sour except King’s Meaburn.) 





I. lorum 
No. moles —" —_~ 
Area examined No.* oT 
Fell End 21 1 4:8 
Mallerstang 2 0 0 
Garsdale 176 46 26:1 
King’s Meaburn 7 2 28-6 


Table 6d. Local distribution of mole flukes 


(South-west Scotland. Medium-light land and sour upland grazing.) 





I. lorum 
No. moles oe 
Area examined No.* nT 
Baldernock 15 1 6-7 
Saltcoats 22 0 0 
Dalry 62 14 22-6 
Stewarton 38 0 0 
Kilbirnie 39 0 0 
Auchenmade 16 1 16-7 
Portpatrick 2 0 0 
[Oxford (clay) 1 1 100-0] 


* Flukes present. 
+ Percentage of moles infested with flukes. 
0 = No flukes found. 
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Seasonal occurrence 


It was not possible to obtain a regular number of moles from each area throughout 
the year and this factor must be taken into account when considering variations in 
the seasonal occurrence of the flukes. It is therefore necessary to consider the 
monthly figures on a regional, as well as an overall, basis and these are shown for 
the three species respectively in Tables 7-9. 

From these tables it is seen that, although there are sharp monthly fluctuations 
in the rate of infestation, the overall and regional variations do not correspond, 
Reference to Table 6a-d will show that, even within the regions, the figures largely 
depend on the local areas from which the monthly catch is made up. 


Mixed infestations 
Instances of simultaneous infestation of a mole with more than one species of 
fluke were rare. Thus among 226 moles carrying flukes only two were harbouring 
more than one species of fluke. Of these one was infested with /. lorum and 
O. flexuosa and the other with J. ocreatus and O. flexuosa. No case was observed 
of J. lorum and I. ocreatus being present together in the same mole. 








It must be remembered, however, that many of the moles were collected in | 


regions in which only one or two species of fluke occurred, so that the opportunities 
for multiple infestation were reduced. Of the 226 infested moles, 148 came from 


Suffolk, where all three species of fluke were known to occur, and a further eleven 
from Cheshire-Staffordshire where two species of fluke occurred. Of the 148 | 


from Suffolk, 108 came from local regions, where the three species had been found 
and another forty-three from local regions, where two species had been recorded. 
Only in one local region, River Wissey, was there a possibility of J. lorum and 
I. ocreatus occurring in one mole. However, 108 moles from this area were found 
to contain either J. Jorwm or I. ocreatus and yet none contained both Itygonimus 
species. 


Relationship between fluke infestations and other intestinal helminths 


Some of the moles examined were parasitized by intestinal cestodes or nematodes. 
In Table 10 a comparison has been made between moles with and without trema- 
todes of the relative rates of infestation with cestodes and nematodes. 

It is seen from this table that the presence or absence of flukes in moles has no 
significant effect on the rate of infestation with other helminths. 


DISCUSSION 

Species found 
The species found during the present work are the same three that have been 
recorded in Britain by earlier workers (Davies, 1932: James, 1954; Fahmy, un- 


published thesis). 
Sex of host 


It is not to be expected that the sex of the host would have any effect on para- 


sitism by intestinal trematodes, and this is borne out by the present findings. 
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Site of parasitism in the mole 


Since the division of the intestine into upper and lower regions was by rough 
measurement only, it is evident from the fact that only one J. lorwm was found 
in the upper intestine that this fluke normally occupies a position well into the 
lower half of the intestine. /. ocreatus is less rigidly confined to its commonest 
habitat, the upper intestine, and this probably means that it normally lives in the 
upper intestine but extends towards the central region. Davies (1932) made no 
mention of the location of these two species. 

In the cases mentioned above the moles were not unusually heavily infested, 
but, of the six moles harbouring O. flexuosa in both upper and lower intestines, 
three had an exceptionally heavy worm burden. This suggests that although the 
upper intestine is the normal site for O. flexuosa, a finding confirmed by Davies’s 
(1932) collection of his specimens from the ‘small intestine’, this worm is capable 
of living in the lower intestine and may be encouraged to do so by overcrowding 
in the upper intestine. 


Table 10. Trematode infestations in relation to cestode and nematode 
infestations 


(T = trematodes; C = cestodes; N = nematodes.) 


Moles + T Total —CorN +C +N +CandN 
Moles —T 1505 906 71 506 22 
Moles + T _ 226 147 8 65 6 
°% moles—T 100 60 5 34 ] 
©, moles + T 100 65 3 29 3 


Degree of infestation per mole 


The figures given in Table 3 indicate that although a host is capable of supporting 
a very large, or in the case of J. lorum moderate population of flukes, it is very much 
more usual for only one or two flukes to be present. Indeed, Davies (1932) did 
not come across heavy infestations in any of his moles. This may indicate a stable 
and well-balanced relationship between host and parasite, but it may, on the 
other hand, mean that moles do not feed heavily on the intermediate hosts and 
that these are usually only lightly parasitized. 


Superimposed infestations 


Evidence from the present findings suggests that premunition does not occur 
so far as J. lorum is concerned. Less evidence is available concerning J. ocreatus, 
but probably there is no premunition. The same may apply to O. flexuosa, although 
in this case the suggestion is based only on the presence of flukes of different sizes 
in the same mole, which could be due to differential rates of growth. 


Incidence and geographical distribution 


A study of the figures for incidence of mole flukes (Tables 4—6a—d) shows how 
misleading data may be if they are taken from one area. The highest figures are 
of the same order as those given by Davies (1932) for Cardigan, but the distribu- 
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tion is very local indeed and may vary enormously even between one field and 
another. The cause of this situation must lie in difficulties of transmission from 
one mole to another. Godfrey (1955) has reported moles remaining confined to 
quite a small area for 2-3 months at least, and, by their very nature, it would not be 
expected that they would range widely during their whole lives. If the intermediate 
hosts of mole flukes similarly have restricted movement, it might be expected that 
fluke infestations would be localized and patchy. 

It is also probable that the requirements of the intermediate hosts restrict the 
distribution of mole flukes to soil types with certain characteristics. Gonder (1910) 
held the view that the restriction of J. ocreatus [called by him J. loruwm, an error 
corrected by Davies (1932)] to moles from wet ground was due to the requirements 
of the intermediate host. Davies (1932) likewise found J. ocreatus at least more 
prevalent in moles from wet ground. 

Information as to soil type is not sufficiently precise in the present work to draw 
any definite conclusion on the subject, but it does seem that the lightish land 
characteristic of most of the Cheshire-Staffordshire collection area is unsuited to 
some part of mole fluke life cycles. It is probably significant that Keele and 
Kinderton, the two local areas where flukes were found, have much heavier soil. 
The sour, peaty ground found in the Westmorland—Yorkshire collection area, and 
in the upland grazing area which produced most of the flukes from south-west 
Scotland, seems favourable to J. lorum but not to J. ocreatus, which nevertheless 
flourishes on the less acid peats along the river banks of the fens. The unifying 
factor in these areas may well be extra moisture, and the absence of J. ocreatus from 
the Westmorland—Yorkshire and south-west Scotland collecting areas may, 
speculatively, be accounted for by over-riding acidity. 


Seasonal occurrence 


The patchy geographical distribution discussed in the previous paragraph of 
necessity complicates the study of seasonal occurrence. The lack of correspondence 
in the overall and regional seasonal fluctuations shown in Tables 7-9 imply that 
there is no real seasonal variation in incidence of mole flukes but that these effects 
must be attributed to accidents of catch location. There is nothing in the present 
work to confirm Davies’s (1932) tentative suggestion that J. lorum might be 
slightly more prevalent in February and March. 


Mixed infestations 

The evidence presented is sufficient to show that simultaneous infestation of a 
mole with more than one species of fluke is rare. It is possible for O. flexuosa to 
exist in company with J. lorum or I. ocreatus, but the data indicate that J. lorum 
and I. ocreatus are incompatible. 

This is all the more remarkable when it is remembered: (1) that there seems to 
be no premunition in either species of [tygonimus, so that co-generic immunity 
cannot account for the situation and (2) that J. ocreatus and O. flexuosa are 
occupants of the same part of the intestine, whereas /. ocreatus and J. lorum are not. 

















142 Hetea M. T. FRANKLAND 


Relationship between fluke infestation and other intestinal helminths 


The fact that the presence of flukes in the mole intestine has no effect on the 
incidence of other helminths in the same site implies that flukes are not competing 
to any serious extent with other helminths for food or attachment, nor do they 
weaken the host in such a way that it is more vulnerable to attack by other 
helminths. 

SUMMARY OF CONCLUSIONS 


1. Moles were collected from four main areas, Suffolk, Cheshire—Staffordshire. 
Westmorland—Yorkshire, and south-west Scotland, and examined for the presence 
of flukes. Three species were found: Jiygonimus lorum from all the areas (and in 
one mole from Oxford); /. ocreatus from Suffolk; Omphalometra flexuosa from 
Suffolk and Cheshire-Staffordshire. 

2. The sex of the host has no effect on the incidence of parasitism with flukes, 

3. I. lorum is almost exclusively a parasite of the lower half of the intestine, 
whereas /. ocreatus and O. flexuosa are predominantly parasites of the upper half 
of the intestine. 

4. The commonest number of flukes of any of the three species to find in a mole 
is one, though two individuals is almost as common a number in the case of J. lorum. 
Nevertheless, large populations of J. ocreatus or O. flexuosa and moderate numbers 
of J. lorum are on occasion found in one mole. 

5. Premunition does not occur with infestations of J. lorum and probably not 
with J. ocreatus and O. flexuosa. 

6. The distribution of each species even within an area where it occurs is very 
patchy and local. This is probably bound up with restricted movement of the hosts, 
whether final or intermediate, and may also be associated with the influence of 
soil conditions on the intermediate hosts. 

7. There appears to be no seasonal variation in the presence of flukes in moles. 

8. Simultaneous infestation with more than one species of fluke is rare. It is 
possible for O. flexuosa to live in company with J. lorum or I. ocreatus, but the two 
Itygonimus species were never found together in the same mole. 

9. The presence of flukes in a mole has no effect on the rest of the intestinal 
helminth population of the host. 
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IMMUNITY IN TRYPANOSOMIASIS 


Ill. SENSITIVITY OF ANTIBODY-RESISTANT STRAINS TO 
CHEMOTHERAPEUTIC DRUGS 


By M. A. SOLTYS 
Department of Animal Pathology, University of Cambridge 


Whilst studying the development of neutralizing antibodies in animals infected 
with Trypanosoma brucei, Soltys (1957a) observed that only strains of 7’. brucei 
which were passaged frequently through mice and not exposed to antibodies could 
be inactivated by antibodies in vitro and become non-infectious to mice. Strains 
of 7’. brucei which were passaged through rabbits, and exposed to antibodies for 
some time, became antibody resistant, so that neutralizing antibodies had no 
effect upon them. It was also noticed that antibody-resistant strains differed in 
their sensitivity to trypanostatic drugs, although they had never before been 
exposed to any of the drugs. These latter observations suggested further studies on 
the relationship between antibody-resistant strains and drug-resistant strains. The 
results of these studies are presented in this paper. 


MATERIALS AND METHODS 


Strains. Trypanosoma brucei shinyanga III was used in these experiments. The 
strain has been maintained in mice and in rabbits by syringe passage. The strain 
which was passaged every second day through mice will be referred to as ‘M’ 
variant, whilst the strain which was passaged through rabbits every 25-28 days 
after infection will be referred to as ‘R’ variant. During a period of 25-28 days of 
infection the rabbits produced antibodies and the strain exposed to these anti- 
bodies became antibody resistant. Its antibody resistance was tested by the 
neutralization reaction described by Soltys (1957a). The sera of all rabbits 
through which the ‘R’ variant was passaged were examined for the presence of 
neutralizing antibody in order to be sure that the ‘R’ variant was exposed to 
antibodies. 

The strains used for the tests were preserved by freezing to maintain them in an 
unchanged condition (Polge & Soltys, 1957), so that the same strain could be used 
throughout the same series of experiments. 

The ‘M’ variant was made suramin fast by frequent passage through mice 
treated with subcurative doses of suramin. The subcurative dose was gradually 
increased until after seventeen passages (approximately 35 days) the strain was 
able to resist doses of 10 mg. of suramin. No attempt was made to increase the 
resistance further as 15-20 mg. doses were toxic to mice. 7’. brucei ‘M’ variant 
which was made suramin fast but not antibody fast will be referred to in the paper 
as ‘D.F.’ variant. The curative dose for mice infected with the normal ‘M’ variant 
was 0-1 mg. of suramin/20 g. body weight, but 10 mg. failed to cure mice infected 
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with ‘D.F.’ variant. This suramin-fast strain ‘D.F.’ was tested for its sensitivity to 
antibodies and to antrycide sulphate. 

Drugs. Suramin, which is known under various synonyms (Bayer 205, Antrypol, 
Germanin, etc.), was used in all experiments, while antrycide sulphate was used 
only for therapeutic and trypanostatic effect in vitro, and antrycide prosalt was 
used for prophylactic experiments. The drugs were kindly supplied by I.CJ. 
Laboratories. 

Diluents. In all cases except for the trypanostatic test in vitro, the diluent 
consisted of modified Alsever’s solution containing 10%, of horse serum (Soltys, 
19575). 

The trypanostatic effect of suramin and antrycide on ‘M’ and ‘R’ variants was 
tested in a medium containing blood and used for growing some viruses (Dunne, 
Luedke, Reich & Hokanson, 1957). Preliminary experiments with the medium 
alone showed that about 80° of the trypanosomes survive in the medium for 
3-4 days, but attempts to grow 7’. brucei in this medium failed. 

This medium consisted of the following substances: defibrinated horseblood, 
100 ml.; dihydrostreptomycin, 10 mg.; crystalline sodium penicillin, 1000 units; 
Tyrode’s basic salt solution, 100 ml. 10 ml. of medium was placed into each of a 
series of 8 oz. Pyrex bottles and, after adding various concentrations of suramin, 
the bottles were inoculated with trypanosomes and incubated for 18 hr. at room 
temperature. At the end of this period the trypanosomes were examined micro- 
scopically for their motility and for infectivity by inoculation into mice. 


EXPERIMENTAL 


The effect of suramin and antrycide in vitro on the infectivity for mice 
of Trypanosoma brucei variants ‘M’ and ‘ R’ 


In the first phase of this investigation it was necessary to find whether the ‘M’ 
and ‘R’ strains possessed the same sensitivity to drugs when they were exposed to 
drugs in vitro and then injected into mice. 

One series of flasks containing 10 ml. of Dunne’s medium and various concen- 
trations of suramin were inoculated with 7’. brucei ‘M’ variant and another with 
T. brucei ‘R’ variant. The number of trypanosomes in each flask was approxi- 
mately 20,000 organisms per millilitre. Media without drugs were used as controls. 
The mixtures were left at room temperature for 18 hr., after which the trypano- 
somes, suspended in various concentrations of drugs, and the controls, were 
examined for their motility, and 0-5 ml. of each mixture was inoculated intra- 
peritoneally into two mice to test its infectivity. 

Similar experiments were carried out with antrycide sulphate. The results of 
these experiments are summarized in Tables 1 and 2. These tables show that the 
antibody-resistant strain ‘R’ is less sensitive to suramin and antrycide than the 
antibody-sensitive strain ‘M’. While the antibody-sensitive strain was non- 
infectious to mice after exposure to 0-004 mg./ml. of either of the drugs for 18 hr., 
the antibody-resistant strain needed 50 times this concentration (0-2 mg./ml. of 
each drug) to render the strain non-infectious to mice. As both variants were 
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Table 1. The effect of in vitro exposure of two variants of Trypanosoma brucei 


to suramin upon infectivity for mice 


Fate of mice 


inoculated 
No. of Concentration Period of after 18 hr. 
trypanosomes of the drug exposure exposure to 
Strain per ml. (mg./ml.) (hr.) the drug 
Variant ‘M’ 20,000 0-0001 18 Infected, incuba- 
tion 2 days 
0-001 18 Infected, incuba- 
tion 5 days 
20,000 0-004 18 Not infected 
0-02 18 Not infected 
0-2 18 Not infected 
Variant *R’ 20,000 0-00025 18 Infected, incuba- 
tion 2 days 
0-001 18 Infected, incuba- 
tion 3 days 
20,000 0-004 18 Infected, incuba- 
tion 10 days 
0-02 18 Infected, incuba- 
tion 16 days 
0-2 18 Not infected 


The minimal 
concentration 
of the drug 
having try- 
panostatic 
effect 
(mg./ml.) 


0-004 


Table 2. The effect of in vitro exposure of two strains of Trypanosoma brucei 


to antrycide sulphate upon infectivity for mice 


Fate of mice 


inoculated 
No. of Concentration Period of after 18 hr. 
trypanosomes of the drug exposure exposure to 
Strain per ml. (mg./ml.) (hr.) the drug 
Variant *M’ 20,000 0-00025 18 Infected, incuba- 
tion 2 days 
0-0001 18 Infected, incuba- 
tion 5 days 
0-004 18 Not infected 
0-02 18 Not infected 
0-2 18 Not infected 
Variant ‘R’ 20,000 0-00025 18 Infected, incuba- 
tion 3 days 
0-001 18 Infected, incuba- 
tion 3 days 
0-004 18 Infected, incuba- 
tion 5 days 
0-02 18 Infected, incuba 
tion 12 days 
0-2 18 Not infected 


The minimal 
concentration 
of the drug 
having try- 
panostatic 
effect 
(mg./ml.) 


0-004 


0-2 
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motile after exposure for 18 hr. to suramin and antrycide in all concentrations of | 
drugs used in this experiment, it appears that the drugs in these concentrations | 
have only trypanostatic activity. Thus the trypanosomes were not killed but were 
rendered more sensitive to the defensive mechanism of ths host. 


The therapeutic effect of suramin and antrycide tested in mice infected with the 
antibody-sensitive variant ‘M’ and with the antibody-resistant variant ‘ R’ 


After the previous experiments which clearly demonstrated the difference in the 
sensitivity to trypanostatic drugs between the normal strain ‘M’ and the antibody. 
resistant strain ‘R’ in vitro, it was interesting to find whether the same difference 
would occur in vivo. A group of twelve mice were infected with the ‘M’ variant 
and another group of twelve were infected with the antibody-resistant variant ‘R’, 
Each group was subdivided into four smaller groups consisting of three mice. These 


Table 3. The therapeutic effect of suramin on mice infected with 
two variants of Trypanosoma brucei 


No. of Dosage The minimal 
mice of drug Observations and therapeutic 
Strain infected (mg.) fate of mice dose (mg.) 
Variant *M’ 3 0-01 All mice died 7 
within 6 days 
3 0-05 All mice died 0-1 
within 14 days 
3 0-1 All mice survived 
3 0-2 All mice survived 
Variant ‘R’ 3 0-01 All mice died 
within 8 days 
3 0-05 All mice died 
within 14 days 
3 0-1 All mice died ‘a 0:3 
within 21 days 
3 0-2 All mice died 
within 29 days 
3 0-3 All mice survived J 





were treated with doses of suramin ranging from 0-01 to 0-3 mg. A similar experi- 
ment was carried out on two other groups of twelve mice using antrycide sulphate. 
The treated animals were examined for the presence of trypanosomes in the blood 
for a period of 42 days. Results of these experiments are summarized in Tables 3 
and 4. Minimal therapeutic dose signifies no relapse during observations over 
42 days. 

It appears from Tables 3 and 4 that the antibody-resistant strain needs three 
times the concentration of drugs required by the antibody-sensitive strain in 
order to stop the further development of trypanosomes in mice. This suggested 
that the curative dose for the normal strain would become subcurative for 
antibody-resistant strains and possibly would encourage the strain to become drug 
resistant. 
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Table 4. The therapeuiic effect of antrycide sulphate on mice 
infected with two variants of Trypanosoma brucei 





Dosage of The minimal 
No. of drug after therapeutic 
mice infection dose 
Strain infected (mg.) Fate of mice (mg.) 
Variant ‘M’ 3 0-01 All mice died 7 
within 4 days | 
3 0-05 All mice died _ 
within 10 days | 
3 0-1 All mice survived | 
3 0-3 All mice survived J) 
Variant ‘R’ 3 0-01 All mice died 
within 5 days 
3 0-05 All mice died 
within 8 days 
3 0-1 All mice died 1 0-3 
within 28 days 
3 0-2 All mice died 
within 28 days 
3 0-3 All mice survived 


The prophylactic effect of suramin and antrycide tested in rabbits against 
Trypanosoma brucei ‘M’ and Trypanosoma brucei ‘ R’ 
Suramin 

A group of twenty-four rabbits were inoculated intravenously with 50 mg. of 
suramin. After various periods of time (2, 3, 4 and 5 months), three of the rabbits 
were infected with 7’. brucei ‘M’ and the same number with 7’. brucei ‘R’. The 
results of this experiment are summarized in Table 5. 

It appears from the results shown in Table 5 that rabbits injected prophylactic- 
ally with 50 mg. of suramin can resist 7’. brucei ‘M’ for a period of 4 months, but 
the strain of 7’. brucei ‘R’ for only 2 months. These results are in agreement with 
results of experiments on the trypanostatic effect in vitro and the therapeutic 
effect in mice, indicating that the antibody-resistant variant ‘R’ can withstand 
a higher concentration of drugs than the normal strain ‘M’. Thus when the level of 
suramin in the animal is declining after 2 months, the amount present is not 
sufficient to control the antibody-resistant strain, but is still sufficient to control 
the normal strain ‘M’, which, unlike strain ‘R’, is not only affected by the drug 
but also by the natural defence forces of the host. 


Antrycide pro-salt 


A similar experiment to that with suramin was carried out with antrycide-pro- 
salt. The results are summarized in Table 6, and show that rabbits treated pro- 
phylactically with 15 mg. of antrycide pro-salt resisted infection with 7’. brucei ‘M’ 
for a period of 2 months, but rabbits infected with the ‘R’ variant developed 
trypanosomiasis one month after the prophylactic infection of the drug. 
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Table 5. Prophylactic effect of suramin against two 
variants of Trypanosoma brucei 


Interval between 
injection of the 
Dose of drug and injection 
No. of the drug of trypanosomes 
rabbit (mg.) (months) Fate of rabbit Result 


Strain variant ‘M’ 





M1 50 2 Survived 7 
M 2 50 2 Survived 
M3 50 2 Survived 
M4 50 3 Survived 
M5 50 3 Survived 
M6 50 3 Survived F 
M7 50 4 Survived sy nyneore - 
M8 50 4 Survived pptin .o- 
M 9 50 4 Survived 
M 10 50 5 Died 138 days after 
infection 
M 11 50 5 Died 90 days after 
infection 
M 12 50 5 Survived J 
Strain variant ‘R’ 
R13 50 2 Survived > 
R14 50 2 Survived , 
R 15 50 2 Died 107 days after 
infection . 
R16 50 3 Died of trypanosomiasis fg pepeeroe = 
55 days after infection 9 nba. po P 
R17 50 3 Died of trypanosomiasis y 
42 days after infection 
R18 50 3 Died of trypanosomiasis 
49 days after infection 


The effect of immune bodies on the suramin-resistant variant ‘D.F.’ 


In order to find whether the drug-resistant strain was also an antibody-resistant 
strain, the following experiments were carried out. A strain of 7’. brucei ‘M’ which 
was made suramin fast was able to resist doses of 10 mg. of the drug while the 
minimum effective dose for the normal strain was 0-1 mg. The suramin-fast strain 
‘D.F.’ was tested in parallel with 7’. brucei strain ‘M’ against rabbit serum con- 
taining neutralizing antibodies. It was found that the suramin-fast strain was 
antibody sensitive and was neutralized by the antiserum in the same titre (1: 160) 
as the ‘M’ variant. It appears from these experiments that it is possible to 


When strain ‘D.F.’ was tested against antrycide sulphate, it failed to show any 
resistance to this drug. 


develop a drug-resistant strain which is not at the same time antibody resistant. | 
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Table 6. Prophylactic effect of antrycide pro-salt against 
two variants of Trypanosoma brucei 
Interval between 
injection of the 


Dose of drug and injection 
No.of the drug of trypanosomes 





rabbit (mg.) (months) Fate of rabbit Result 
Strain variant ‘M’ 
M19 15 1 Survived 7} 
M20 15 1 Survived 
M21 15 1 Survived 
M 22 15 2 Died of trypanosomiasis 
138 days after infection 
M 23 15 2 Died of trypanosomiasis — a 
144 days after infection | ne - shat tebe 
M 24 15 2 Survived + aad @ aan 
M 25 15 3 Died of trypanosomiasis 
55 days after infection 
M 26 15 3 Died of trypanosomiasis 
42 days after infection 
M 27 15 3 Died of trypanosomiasis 
61 days after infection J 
Strain variant ‘R’ 
R 28 15 1 Died of trypanosomiasis _) 
35 days after infection 
R 29 15 1 Died of trypanosomiasis 
42 days after infection 
R 30 15 1 Died of trypanosomiasis Win eniiedieatin 
44 days after infection ¥ ane me am 
R3l 15 2 Died of trypanosomiasis - cs 
31 days after infection 
R 32 15 2 Died of trypanosomiasis 
28 days after infection 
R 33 15 2 Died of trypanosomiasis 
32 days after infection J 





Two controls infected with the ‘M’ strain died after 52 and 42 days respectively. 
Two controls infected with the ‘R’ strain died after 35 and 27 days respectively. 


DISCUSSION 
The idea that the immune bodies and natural mechanism of defence play an 
important role in chemotherapy has been discussed since Ehrlich began the study 
of chemotherapy and introduced the theory of ‘ictus immunisatorius’. Ehrlich & 
Gonder (1920), Browning (1927) and Jancsé & Jancs6 (1934) assumed that a 
definite sterilization of the infected animal is in most circumstances due to a com- 
bined mechanism of the chemical substance and the defensive mechanism of the 
host. This assumption had been confirmed by the present experiments, which 
showed that a variant of 7’. brucei which was exposed to antibodies for some time 
and became an antibody-tolerant or antibody-resistant strain, was less sensitive to 
suramin and antrycide than a strain which had never been exposed to antibodies. 
Experiments on the in vitro effect of drugs upon the infectivity of these two variants 
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for mice showed clearly that the antibody-resistant strain needed 50 times more 
drugs than the antibody-sensitive strain in order to become non-infectious to mice, 
On the other hand, therapeutic experiments showed that only three times as much 
drug was required to eliminate the antibody-resistant strain from mice in com. 


parison with the antibody-sensitive ‘M’ variant. More striking differences between | 


these variants were shown in experiments on the prophylactic effect of suramin 
and antrycide. Animals treated prophylactically with suramin or antrycide 
resisted challenge with the antibody-sensitive strain for a much longer period than 
animals challenged with the antibody-resistant strain. These experiments showed 
without any doubt that in chemotherapy and chemoprophylaxis with trypano- 
static agents the natural mechanism of defence and immune bodies play an 
important part. 

Since the natural defence forces play an important part in the chemotherapy 
and chemoprophylaxis of trypanosomiasis it is important to ascertain whether the 





| 
| 


development of drug-fast strains in animals is influenced by the development of | 


antibody resistance with a consequent exclusion of the natural mechanism of 
defence. Jancsé & Jancsé (1935) and Hawking (1939) produced suramin-resistant 
strains in 4 months in animals in which the defence forces were upset by splen- 
ectomy and blockading of the reticulo-endothelial system (R.£.S.) with colloidal 
copper, whereas in normal animals it took more than 12 months (Yorke, Murga- 
troyd & Hawking, 1932). It is, however, doubtful whether in nature the develop- 
ment of drug resistance goes through the same long procedure as when artificially 


produced under laboratory conditions by many workers in the past. Although itis | 
possible experimentally to develop drug resistance without antibody resistance it | 


seems most unlikely that such a procedure takes place in nature. In field cases 
most of the drug-resistant strains are most probably also antibody-resistant 
strains, as they will have been exposed to antibodies for some time before treatment 
of the affected animal begins. 

The idea that the host participates in the phenomenon of drug resistance, 
suggested by early workers (Mesnil & Brimont, 1908; Moore, Nierenstein & Todd, 
1908; Janesé & Jancsé, 1934), has been confirmed by experiments discussed in 
this paper. Experiments of Yorke & Hawking (1932), however, failed to confirm the 
observations of early workers, and came to the conclusions that the host represents 
only a passive medium and the protective powers of the host are not involved in 
the genesis of drug resistance. It is possible, however, that the latter workers were 
dealing with drug-resistant strains which were not at the same time antibody 
resistant, as they used for their experiments mostly mice and rats, animals in 
which infection is short-lasting and the development of antibodies is poor or cannot 
be demonstrated. In Mesnil & Brimont’s (1908) experiment a strain was isolated 
from a horse which was treated with atoxyl and received 34 g. of the drug within 
a period of 28 days. Therefore there is no doubt that this strain during 28 days in 
a horse, an animal which produces good antibodies, first became an antibody 
resistant. 

It appears from the experiments of previous workers and from the writer's 
experiments that it is much easier to obtain a drug-resistant strain by removing 
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the defensive mechanism of the host by (a) splenectomy and blockading the 
reticulo-endothelial system (Jancsé6 & Janes6, 1934; Hawking, 1939), or by 
(b) producing first antibody-resistant strains (Soltys, 19576) which are then not 
affected by the defensive system of the host. There is no doubt that the latter 
method occurs in nature, and therefore in all tests of the efficiency of chemo- 
therapeutic drugs, antibody-resistant strains (obtained by passage in rabbits or in 
other animals in which the infection is sufficiently lasting to expose the strain for 
some time to antibodies) should be used, as well as antibody-sensitive strains 
frequently passaged through mice. 


SUMMARY 


Antibody-resistant strains are less sensitive to suramin and antrycide than 
antibody-sensitive strains. When living trypanosomes were exposed to suramin and 
antrycide in vitro, antibody-resistant strains needed 50 times more drugs than 
antibody-sensitive trypanosomes in order to make them non-infectious to mice. 
In therapeutic experiments in mice the minimal therapeutic dose of drugs for 
antibody-sensitive strains was 0-1 mg. but for resistant strains it was 0-3 mg./20 g. 
mice. Rabbits treated prophylactically with suramin resisted infection with the 
antibody-sensitive strain for a period of 4 months, but failed to resist infection 
with the antibody-resistant strain after 2 months. 

Rabbits treated prophylactically with antrycide pro-salt, resisted infection with 
antibody-sensitive strains for a period of 2 months, but failed to resist infection 
with the antibody-resistant strain even 1 month after injection with the drug. 
Although trypanosomes can become drug resistant without being antibody 
resistant it is suggested that, under natural conditions, drug-resistant strains in 
animals and man develop from antibody-resistant strains, particularly when 
trypanostatic drugs are used. It is suggested in conclusion from these experiments 
that strains of trypanosomes which are exposed for some time to antibodies and 
become antibody resistant after passage through animals like rabbits, as well as 
those strains frequently passaged through mice, should be used in all tests for the 
efficiency of chemotherapeutic drugs. 
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I. INTRODUCTION 


Our knowledge of Indian monogenetic trematodes from the freshwater fishes is 
limited to about a dozen forms. The earliest record was established by Price (1938), 
who described Dactylogyrus moorthyi sp.nov., from Mysore. Thapar (1948) 
described Paradactylogyrus gen.nov., and Jain (1952a, b, 1955, 1957a-c), in a 
series of papers, described Haplocleidus gomtius sp.nov., Thaparocleidus walla- 
gonius gen.nov., sp.nov., Urocleidus notopterus sp.nov., Mizelleus indicus gen.nov., 
sp.nov., Dactylogyrus multispiralis sp.nov., and three new species of the genus 
Neodactylogyrus, namely N. calbasi, N. indicus and N. cotius, from Lucknow. 
Recently, Baugh (1957) has erected a new genus, Neogyrodactylus, from West 
Bengal.+ 

The author took up a systematic investigation of the trematodes parasitic in 
the gill filaments of freshwater fishes available in the Lucknow region. It was 
found that most fishes carry heavy infestations of monogenetic trematodes. The 
present paper, which is the eighth in the series, describes a new genus based on 
four new forms of the subfamily Tetraonchinae (Family Dactylogyridae). 

* Author’s present address: Indian Statistical Institute, 203 Barrackpore Trunk Road, 


Caleutta 35, India. 
+ Please see postscript at the end of the paper. 
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Il. MATERIALS AND METHODS 


Fishes for the present investigation were purchased from the local fish market, 
Lucknow. The identification of the host was made from the papers of Shaw & 
Shebbeare (1937) and Chauhan & Ramakrishna (1953). 

Mizelle’s refrigeration technique (1936, 1938) was employed for the recovery 
of trematodes from the gill filaments. Hargis’s (1952, 1953) chloretone technique 
had the additional advantage in saving time and labour and can be applied to 
fresh specimens, which are more transparent and more suitable for the study of 
taxonomic characters. 

Measurements of all chitinized structures were made in glycerine mounts, 
Curved surfaces were measured across the line subtending the greatest ares 
described by those structures, as suggested by Mizelle (1936, 1938). In all cases 
an attempt was made to give the range in variation of different structures by 
examining several trematodes. 


III. SPROSTONIA INDICA GEN.NOV., SP.NOV. 


Host: Eutropiichthys vacha (Ham.). Number of fishes examined: 24. Number 
of fishes found infected: 20. Number of trematodes studied: 10. 

Stout elongated tetraonchids (Fig. 1), 0-55—-0-69 mm. long, with width at the 
cephalic lobes 0-038 mm.; maximum body width 0-085 mm. Head organs in four 
pairs. Two pairs of eye-spots, one pair anterior and the other posterior, the latter 
with a large number of melanistic granules which are scattered with the slightest 
pressure of the coverglass. Pharynx, spherical, measuring 0-025 mm. in maximum 
diameter. Intestine, bifurcate, the crura being confluent posteriorly. 

The haptor (Fig. 2) is 0-1-0-15 mm. long and 0-09-0-1 mm. wide. Its peduncle 
is short and 0-05—0-06 mm. wide. The armature of the haptor (Fig. 3) consists of 
two pairs of anchors, a pair of bars, a pair of supporting bars and seven pairs of 
hooks. Dorsal anchors are very large as compared to the ventral anchors, and 
each consists of a stout rounded base, a stout shaft and fine recurved points. 
The base has a small lateral projection, but there is no differentiation of superficial 
and deep root. There is a single wing attached to each dorsal anchor, located at the 
posterior end. Each dorsal anchor is 0-062—0-075 mm. long, and 0-013—0-017 mm. 
wide at the base. The dorsal bar is a straight transverse shaft, with a wide aperture 
in the middle and is 0-05—0-062 mm. long and 0-013 mm. in maximum width. The 
pair of supporting bars is situated at the base of the dorsal anchors. Each supporting 
bar is a stout conical body, rounded proximally and pointed distally, and is 
0-032-0-036 mm. long. Each ventral anchor consists of a stout base, a shaft with 
a pair of rounded projections internally, and fine recurved points making an acute 
angle with the shaft. There is no clear differentiation of roots in the ventral anchors. 
No wing has been observed on the anchors. The two projections on each ventral 
anchor are unequal in size, the dorsal projection (Fig. 3, d.p.) being larger than the 
ventral one (Fig. 3, v.p.). Each ventral anchor is 0-048-0-057 mm. long and 
0-017—0-021 mm. wide at the base. The ventral bar is a stout, transverse shaft, 
consisting of two pieces, the two transverse pieces being firmly articulated in the 
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middle. Near the point of articulation each piece shows a tooth-like projection, 
anteriorly. The ventral bar is 0-1i-0-13 mm. long. The seven pairs of hooks are 
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Fig. 1. Sprostonia indica gen.nov., sp.nov.; dorsal view of the worm. 


7 “a all similar in shape, but differ in size. Each hook is crochet-shaped, consisting of 
oe an elongated base, an insignificant shaft and a small crochet-shaped portion. The 
in the dimensions of the hooks are: pair 1, 0-036-0-037 mm.; pair 2, 0-019-0-02 mm. ; 
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pair 3, 0-012-0-013 mm.; pair 4, 0-012—0-013 mm.; pair 5, 0-011—0-012 mm.; diff 
pair 6, 0-027—-0-029 mm.; and pair 7, 0-028—0-036 mm. at 1 

The testis (Fig. 1) is median, elongated and intercaecal, measuring 0-14-0-16 x I 
0-027—0-039 mm. It is continued into a spindle-shaped vesicula seminalis and a gen 
U-shaped vas deferens. The copulatory complex (Fig. 4) is very stout, consisting of nov 
a very long cork-screw-like cirrus, an elongated accessory piece and a coiled | Mo 
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Fig. 2. Sprostonia indica; ventral view of haptor. 
cirrhal thread. The cirrus and the accessory piece are firmly articulated at the ' 
base. The cirrus is a thick-walled, hollow tube, its body having three or four spiral | 
turns around the accessory piece, it is 0-125—0-165 mm. long. The accessory piece 
lies parallel to the cirrus and is 0-1—0-125 mm. long. The cirrhal thread is a con- 
tinuation of the cirrus. Prostate glands are absent. The ovary is small, pyriform, we 


median and intercaecal, measuring 0-056—0-063 x 0-025-0-033 mm. and is filled 
with nucleated ova. The vagina (Fig. 1) is dextral, chitinized and has a short Ce} 


funnel-shaped mouth, a looped vaginal tube and a small pear-shaped receptaculum ce} 
seminis. The single egg (Fig. 5) observed in some specimens is oval with a hook- | om 
like posterior projection; it measures 0-055 x 0-04 mm. The vitellaria extend from gre 
the pharynx to the caecal union, the vitelline ducts joining in the middle. int 

Discussion. The present form is undoubtedly a member of the subfamily int 
Tetraonchinae Monticelli, 1903, because it has the two pairs of anchors and no 
squamodiscs. It is differentiated from all the known genera of this subfamily loi 
by the characteristic two-piece nature of the ventral bar. It shows some affinity pa 


with the genera Urocleidus Mueller, 1934, and Cleidodiscus Mueller, 1934, but 
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2mm,.; differs from Urocleidus in that the cirrus and accessory piece are firmly articulated 
at the base, while the position of the vagina differentiates it from Cleidodiscus. 
0-16. |  Itis evident, therefore, that the present form is different from all the known 


} and a genera of Tetraonchinae. It is therefore assigned to a new genus Sprostonia gen. 
sting of | nov., named after Dr Nora G. Sproston, in appreciation of her monograph on the 
coiled © Monogenea. 
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Figs. 3-5. Sprostonia indica. Fig. 3. Elements of haptor. 

at the | Fig. 4. Copulatory complex. Fig. 5. Egg. 
spiral | 
piece IV. SPROSTONIA WALLAGONIA SP.NOV. 
4 con- Host: Wallagonia attu (Bloch). Number of fishes examined: 54, of which 27 
iform, were found infected. Number of trematodes studied: 12. 
filled Stout elongated tetraonchids (Fig. 6), 0-58-0-73 mm. long, the width at the 
short cephalic lobes being 0-06mm. and the maximum body width 0-1 mm. The 
sulum cephalic region bears four pairs of head organs. There are two pairs of eye-spots, 
hook- one anterior and the other posterior, the latter having a larger number of melanic 
from | gtanules. The pharynx is spherical, with a maximum diameter 0-028 mm. The 

intestine is bifurcate and the crura are confluent posteriorly. The outlines of the 
amily intestine are obliterated in some specimens by the dense vitellaria in that region. 
id no The haptor (Fig. 7) is discoidal to somewhat hexagonal in shape, 0-085—0-13 mm. 
amily loag and 0-055-0-1 mm. wide. The armature of the haptor (Fig. 8) consists of a 
finity pair of stout dorsal and a pair of smaller ventral anchors, dissimilar in shape and 

size, a dorsal and a ventral bar, a pair of stout supporting bars and six pairs of 
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hooks. Each dorsal anchor consists of a rounded base, a stout shaft and a fine 
recurved point. The base has a shallow groove, but there is no clear differentiation | 
of a superficial and a deep root. Each dorsal anchor is provided with a single wing, 
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Fig. 6. Sprostonia wallagonia sp.nov.; dorsal view of worm. 


which does not reach up to the points. Each dorsal anchor is 0-07—0-078 mm. long 
and the base is 0-02 mm. wide. The dorsal bar is a stout, transverse shaft, 0-044 
0-049 mm. long and 0-01 mm. in maximum thickness. The pair of supporting bars | 
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Sprostonia wallagonia. Fig. 7. Ventral view of haptor. Fig. 8. Elements of 
Fig. 9. Copulatory complex. Fig. 10. Vagina. Fig. Ll. Egg. 
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are situated at the bases of the dorsal anchors. Each supporting bar is a conical body | 


with a rounded proximal, and a pointed distal, end, and is 0-044—-0-047 mm. long. 
In the study of fresh material the supporting bars form a V, with arms wide apart. 
Each ventral anchor consists of a rounded base, a shaft and fine recurved points, 
The base of the ventral anchors is slightly bifurcate, consisting of a short rounded 


=e 


deep and a similar superficial root. Each anchor which is provided with a single — 


wing is 0-028—0-031 mm. long, 0-012-0-014 mm. wide at the base. The ventral bar 
is yoke-shaped, with a shallow groove anteriorly and a wide groove posteriorly, 
It is a two-piece bar, and is 0-075—0-079 mm. long. Six pairs of hooks present, 
all similar in shape but dissimilar in size. Each hook consists of swollen base, 
a short shaft and a crochet-shaped portion. The dimensions of the hooks are: 
pair 1, 0-021—0-022 mm.; pair 2, 0-03—0-032 mm.; pair 3, 0-01—0-013 mm. ; pair 4, 
0-009-0-012 mm.; pair 5, 0-009-0-012 mm.; and pair 6, 0-032—0-034 mm. 

The testis (Fig. 6) is median, oblong and intercaecal in position, measuring 
0-1—0-121 x 0-021—0-029 mm. The vesicula seminalis is short, pyriform and lies 
medially. The copulatory complex (Fig. 9) consists of a cirrus and an accessory 
piece both articulated firmly at the base. The cirrus is stout, thick-walled, termi- 
nated in a fine point, and is 0-064—0-067 mm. long. The accessory piece has the 
shape of an inverted Y and is 0-058—0-06 mm. long. Two prostate glands are 
present at the base of the cirrus, one of these (pr. 1) is filled with a hyaline fluid 
and the other (pr. 2) is filled with highly granular fluid. The ovary is oval, pre- 
testicular and median, measuring 0-04-0-047 x 0-011-0-014 mm. The vagina 
(Fig. 10) is dextral, highly chitinized and has a horse-shoe-shaped support at the 
mouth. The vaginal tube has one loop and leads into a large, pear-shaped recepta- 
culum seminis. The single egg (Fig. 11) observed in some specimens is thin- 
shelled, oval, and measures 0-06 x 0-048mm. The vitellaria extend from the pharynx 
to the caecal union, the vitelline ducts join in the middle, near the receptaculum 
seminis. The so-called reproductive glands observed by Jain (1957 a) in Mizelleus 
indicus are present in groups around the region of the copulatory complex; they 
stain brightly with Ehrlich’s haematoxylin. 

Discussion. The present form, while agreeing in all essential respects with the 
genotype Sprostonia indica gen.nov., sp.nov., differs from it in these characteris- 
tics: (1) the shape of the cirrus and the accessory piece, (2) the absence of projec- 
tions on the ventral anchors, (3) the conspicuously smaller size of the ventral bar, 
and (4) the shape of the dorsal bar. 

The present form thus differs from the genotype and it is therefore assigned to 
the new species Sprostonia wallagonia sp.nov., named after the host. 


V. SPROSTONIA GOMTIA SP.NOV. 
Host: Eutropiichthys vacha (Ham.). Number of fishes examined: 24, of which 

4 were found infected. Number of trematodes studied: 6. 
Slender elongated tetraonchids (Fig. 12), 0-7-0-82 mm. long, the width at the 


cephalic lobes being 0-06—0-07 mm. and the maximum body width 0-1—0-12 mm. | 


The anterior end, differentiated into two pairs of cephalic lobes, bears three pairs 
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of head organs. There are two pairs of eye-spots, one anterior and one posterior, 
the latter having a rather larger number of melanic granules. The pharynx is oval, 
measuring 0-03 x 0-035 mm. The intestine is bifurcate and the crura are confluent 
posteriorly. 

The haptor (Fig. 13) is discoidal to somewhat hexagonal, 
(-1-0-12 mm. long and 0-12-0-16 mm. wide. Its peduncle is 
long and stout. The armature of the haptor consists of a pair 
of stout dorsal anchors, a pair of small ventral anchors, a dorsal 
and a ventral bar, a pair of supporting bars, and seven pairs 
of hooks with a conspicuous central onchium. Each dorsal 
anchor (Fig. 14) consists of a stout base, a long shaft and a fine, 
recurved point. The base is rounded with a short, blunt, anterior 
projection. There is no differentiation of a superficial and a deep 
root. Each anchor is provided with a single wing, which does 
not reach up to the points. Each dorsal anchor is 0-07—0-076 mm. i 
long and 0-02 mm. wide at the base. The dorsal bar is a straight, ttf 
transverse shaft with a large aperture in the middle. It is 
0-06-0-063 mm. long and its maximum width is 0-015 mm. 
Supporting bars are situated at the bases of the dorsal anchors; 
each has a rounded base, a long shaft and fine point, and 
measures 0-043—0-045 mm. in length. Each ventral anchor con- 
sists of a stout base, a shaft bearing a pair of projections, and 
fine recurved points. The base has a short, conical, superficial 
and inconspicuous deep root. Each ventral anchor has a single 
wing, not reaching up to the point; it is 0-037—0-042 mm. long Fig. 12. Sprostonia 
and its width at the base is 0-015 mm. The width of the ventral gomzia sp.nov.; dor- 
anchor at the first projection is 0-006—0-01 mm., and at the second sal view of worm. 
0-01-0-014 mm. The ventral bar is a straight, transverse shaft, 
composed of two pieces and 0-11—0-125 mm. long. The seven pairs of hooks are all 
similar in shape but differ in size. They have the typical tetraonchid type of arrange- 
ment. Each hook is crochet-shaped, consisting of a stout oblong base, an insignificant 
shaft and a crochet-shaped portion. The dimensions of the hooks are as follows: 
pair 1, 0-029-0-03 mm.; pair 2, 0-033—0-036 mm. ; pair 3, 0-011—0-013 mm.; pair 4, 
0-011-0-014 mm.; pair 5, 0-009-0-011 mm.; pair 6, 0-034—0-035 mm.; and pair 7, 
0-043-0-044 mm. 

There is a central leaf-like plate situated between the first pair of hooks 
(Figs. 13, 14), which appears to be described here for the first time in a member 
of the subfamily Tetraonchinae. It is named ‘onchium’, adopting the term given 
by Thapar (1948) to a central haptoral structure, which he observed in Para- 
dactylogyrus catlaius, a new member of the family Dactylogyrinae. The onchium 
in Thapar’s form was elongated and stick-like, while in the present form it is 
large and leaf-like. It measures 0-024—0-027 mm. in length and 0-02-0-022 mm. 
in width. 

The testis (Fig. 12) is median, elliptical and intercaecal in position, measuring 
1:13-0:15 x 0-045-0-052 mm. The vesicula seminalis is not clear. The copulatory 
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complex (Fig. 15) consists of a cirrus and an accessory piece, both firmly articulated 
together at the base. The cirrus is stout, elongated thick-walled and is 0-08- 
0-084 mm. long. The accessory piece is a longitudinal shaft, running parallel to 
the cirrus and is 0-05—0-052 mm. long. The prostate glands are not clear. The 
ovary is pretesticular, roughly oval, intercaecal in position and measures 0-04- 
0-043 x 0-026-0-035 mm. The vagina (Fig. 16) is dextral, only slightly chitinized, 
and opens into an oval receptaculum seminis by a short vaginal canal. No egg 
has been observed in the specimens studied. The vitellaria extend from the 
pharynx to the caecal union; the vitelline ducts are not clear. 

Discussion. The present form is assigned to the genus Sprostonia gen.nov., 
because the ventral bar is composed of two pieces. the cirrus articulates with the 
accessory piece at the base, and the vagina is dextral. It differs. conspicuously, 
from the genotype S. indica and S. wallagonia sp.nov., in the presence of a central 
onchium in the haptor. 

Further, from S. indica, the present form can be distinguished by (1) the shape 
of the cirrus, (2) the shape of the accessory piece. (3) the shape of the ventral 
bar, and (4) the smaller size of the ventral anchors as compared with the dorsal 
anchors. 

From S. wallagonia sp.nov., the present form can be distinguished by (1) the 
presence of conspicuous projections on the ventral anchor shafts, (2) the shape of 
the dorsal bar; and (3) the shape of the accessory piece. 

It is evident, therefore, that the present form is distinct and hence assigned to 
the new species Sprostonia gomtia sp.nov., named after the local river, Gomti. 


VI. SPROSTONIA ASIATICA SP.NOV. 


Host: Callichrous pabda Hamilton. Number of fishes examined: 15. Number 
of fishes found infected: 3. Number of trematodes studied: 5. 

Slender, elongated tetraonchids (Fig. 17), measuring 0-52-0-64 mm. in length, 
the width at the cephalic lobes being 0-022 mm., and the maximum body width 
0-042 mm. There are three pairs of poorly developed head organs. There are two 
pairs of eye-spots, one anterior and one posterior, the latter having a larger 
number of melanic granules. The pharynx measures 0-012 x 0-01 mm. The outlines 
of the intestine could not be worked out because of the large amount of vitellaria 
spread in that region. 

The haptor (Fig. 18) is 0-09-0-11 mm. long and 0-07-0-09 mm. wide. Its peduncle 
is long and slender. The armature of the haptor (Fig. 19) consists of a pair of stout, 
dorsal anchors, smaller ventral anchors. a dorsal and a ventral bar, a central 
onchium and seven pairs of hooks. Each dorsal anchor consists of a rounded swollen 
base, a shaft and fine recurved points. The base is rounded and there is no differentia- 
tion of superficial and deep root. The wings on the dorsal anchors are much reduced 
and are restricted to the most distal part of the point. Each dorsal anchor is 
0-048-0-051 mm. long, and 0-01 mm. wide at the base. The dorsal bar is a straight 
transverse shaft. with a large aperture in the middle and is 0-028—0-031 mm. long. 
The supporting bars are situated at the bases of the dorsal anchors, each being 
11-2 
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0-028—0-036 mm. long. Each ventral anchor consists of a stout base, differentiated 
into an expanded superficial and a short, blunt deep root, a shaft and a recurved 
point. The wings on the ventral anchors are also reduced, double in number, and 
reach up to the points. Each ventral anchor is 0-023-0-025 mm. long, the width 
of the base being 0-01—0-012 mm. The ventral bar is a straight, transverse shaft. 
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Figs. 17-21. Sprostonia asiatica sp.nov. Fig. 17. Dorsal view of worm. Fig. 18. Ventral 
view of haptor. Fig. 19. Elements of haptor, Fig. 20. Copulatory complex. Fig. 21. Vagina. 
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ated In fresh mounts the ventral bar looks like an inverted V, but in permanent mounts 
rved it tends to straighten up. It is a bar composed of two pieces, with the point of the 
and articulation marked by a well-formed, rounded hole in the middle. The ventral bar 
idth | is 0-09-0-096 mm. long. The seven pairs of hooks are all similar in shape, but 
haft. differ in size. Each hook is sickle-shaped and consists of an elongated, swollen base, 


a very small shaft, a sickle-shaped portion and an apposable piece. The dimensions 
of the hooks are: pair 1, 0-029-0-032 mm.; pair 2, 0-024-0-025 mm.; pair 3, 
0-006-0-007 mm.; pair 4, 0-006—0-007 mm.; pair 5, 0-006—0-007 mm.; pair 6, 0-023— 
0-03 mm., pair 7, 0-029-0-03 mm. 

There is a conspicuous central onchium in the haptor, situated anteriorly. It is 
straight and elongated in shape, with rounded and slightly swollen extremities. 
It is 0-033-0-035 mm. long. 

The testis (Fig. 17) is median, elongated, intercaecal and measures 0-065—0-071 x 
0-006-0-012 mm. The vesicula seminalis was not clear in the specimens studied. 
The copulatory complex (Fig. 20) consists of an elongated cirrus and a similar 
| accessory piece, both firmly articulated together at the base. The cirrus and the 
accessory piece are about the same length, being 0-03—0-032 mm. The cirrhal thread 
originates from the base and is a long thin thread. The prostate glands are not 
clear. The ovary is small, median and pretesticular, measuring 0-013-0-016 mm. 
in maximum dimensions. The vagina (Fig. 21) is dextral, with a short, funnel- 
shaped mouth and a transverse vaginal tube. The receptaculum seminis is not 
clear. No egg was observed in the specimens studied. The vitellaria are densely 
spread from the pharynx to the posterior end. 

Discussion. The present form is assigned to the genus Sprostonia gen.nov., 
owing to the characteristic two-piece ventral bar, the articulation of the cirrus 
and the accessory piece at the base, and the dextral vagina. It differs conspicuously 
from S. indica gen.nov., sp.nov., and S. wallagoni sp.nov. by the presence of an 
onchium in the haptor, and from S. gomtia sp.nov. and S. indica sp.nov., by the 








~ absence of projections on the ventral anchor shafts. 
} It further differs from S. indica in (1) the shape of the cirrus, (2) the shape of the 
f accessory piece, (3) the shape of the dorsal bar anchor bases, and (4) the shape of 
the hooks. 


From S. wallagoni sp.nov. the present form differs in (1) the shape of the dorsal 
bar, (2) the shape of the dorsal anchor base, (3) the shape of the ventral bar, and 
(4) the shape of the accessory piece. 

From S. gomtia sp.nov. the present form can be distinguished by (1) the shape 
of the ventral bar, (2) the shape of the dorsal and ventral anchor bases, and (3) the 
shape of the hook. 

It is evident, therefore, that the present form is different from the species of the 
genus Sprostonia gen.nov., described earlier, and it is therefore assigned to the 
new species, as Sprostonia asiatica sp.nov. 
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VII. GENERIC DIAGNOSIS 
Genus Sprostonia gen.nov. 


Tetraonchinae, with several pairs of head organs and two pairs of eye-spots. 
Intestine bifurcate and the crura confluent posteriorly. Two pairs of anchors, 
dorsal and ventral. Two bars, dorsal and ventral, non-articulate in the middle, 
Ventral bar characteristically a two-piece bar. Hooks, 14. Onchium present 
or absent. Gonads in the middle of the body. Copulatory complex composed 
of cirrus and accessory piece, both firmly articulated at the base. Vagina dextral, 
Single egg. Parasites of fresh-water fishes. 
Type species: S. indica sp.nov. 


VIII. KEY TO THE SPECIES OF THE GENUS SPROSTONIA GEN.NOV. 


1. Presence of central onchium in the haptor. 2 
— Absence of central onchium in the haptor. 3 
2. Conspicuous projections on ventral anchor shafts, rounded dorsal anchor bases, 
hooks crochet-shaped, ventral anchors with poorly developed roots 
S. gomtia sp.nov, 
— No projections on ventral anchor shafts, dorsal anchors with a conical knob at the 
base, hooks sickle-shaped, ventral anchors with well-developed roots 
S. asiatica sp.nov. 
3. Conspicuous projections on ventral anchor shafts, cirrus stout cork-screw like, 
accessory piece simple, dorsal bar with a conspicuous aperture in the middle 
S. indica gen.nov., sp.nov. 
— No projections on ventral anchor shafts, cirrus simple elongated, accessory piece 
Y-shaped, dorsal bar without an aperture in the middle. S. wallagonia sp.nov. 


IX. SUMMARY 


A new genus, Sprostonia, is erected in the Family Dactylogyridae, subfamily 
Tetraonchinae, from the study of trematodes of some Indian freshwater fishes, 
from Lucknow, India. The new genus differs from allied genera by the charac- 
teristically two-piece shape of the ventral bar, the articulation of the cirrus and 
accessory piece together at the base and the presence of a dextral vagina. The 
genotype S. indica sp.nov. was recovered from the gills of Hutropiichthys vacha. 
Three other new species, S. wallagonia, S. gomtia and S. asiatica, were also recovered 
from other Indian fishes and assigned to the new genus. The text is illustrated 
with twenty-one camera lucida figures and is followed by a key to the species of 
the new genus, Sprostonia. 


The present work was carried out in the Department of Zoology, Lucknow 
University, Lucknow, under the guidance of Professor M. B. Lal. The author 
wishes to express his sincere thanks to him for the keen interest in the work. 
Acknowledgements to the Government of India are due for the award of a research 
training scholarship to carry out the present work and to the Lucknow University 
authorities for all facilities and permission to publish the work as part of the 
author’s Ph.D. thesis, approved in 1955. 
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Monogenea of Indian freshwater fishes 


Abbreviations used in the figures 


a.t. anterior eye-spots ow. ovary 
a.p. accessory piece pe. posterior eye-spots 
CC. copulatory complex ped. peduncle 
cir. cirrus ph. pharynx 
el. cephalic lobe pr. prostate gland 
et. cirrhal thread pr. 1 & pr. 2. prostate glands no. 1 & 2 
da. dorsal anchor r.g. reproductive glands 
db. dorsal bar Tt. receptaculum seminis 
dp. dorsal projection 8.b. supporting bars 
e. egg t. testis 
h. 1-h. 7 hooks numbered 1—7 v.d. ventral anchor 
h.o. head organs vag. vagina 
hp. haptor vb. ventral bar 
hs. horse-shoe shaped support of — v.d. vas deferens 
vagina vit. vitellaria 
int. intestine vit.d. vitelline duct 
m.g.p- male genital pore vp. ventral projection 
mM.v. mouth of vagina v.t. vaginal tube 
on. onchium v.8. vesicula seminalis. 
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Postscript 
As this paper goes to press. Jain (1958) described a new genus, Bifurcohaptor, 


represented by two new species, B. indicus and B. giganticus, from Lucknow. 


Jain, S. L. (1958). Monogenea of Indian fresh-water fishes, VII. Béifurcohaptor, a ney 
genus of fresh-water Tetraonchinae from the gill filaments of two fishes from Lucknow. 
J. Parasit. 44, 388-94. 
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THE OCCURRENCE OF HISTOMONAS MELEAGRIDIS 
IN HETERAKIS GALLINAE 


By 8. B. KENDALL 


Central Veterinary Laboratory, Ministry of Agriculture, 
Fisheries and Food, New Haw, Weybridge, Surrey 


(With 2 Figures in the Text) 


In 1920 Graybill & Smith demonstrated that histomoniasis could be induced by 
feeding young turkeys with the embryonated eggs of the caecal worm Heterakis 
papillosa (gallinae). Their suggestion that larval stages of the worm must be 
responsible for transmitting Histomonas meleagridis was confirmed by Tyzzer 
(1934) who, moreover, reported the identification of the protozoon in the epithelial 
cells of the gut of young Heterakis gallinae. The morphology of these parasites was 
illustrated by Tyzzer (1934), and it is clear that they were similar to Histomonas 
meleagridis found elsewhere. The illustration, however, gives little indication of 
the actual situation of the parasites within the tissue of the worm. Since the work 
of Tyzzer there has been a number of investigations into the life history of 
H. meleagridis, and it seems rather remarkable that there have been no further 
positive identifications of the protozoon within the worm or the worm egg. 

Swales (1948), during the course of lengthy investigations, was quite unable to 
identify the parasite in freshly hatched larvae even though, as he said, the diameter 
of H. meleagridis was likely to be as much as half the breadth of a newly hatched 
larva. Subsequently, a few authors have reported the possible presence of 
Histomonas in Heterakis. Connell (1950) noted morphological abnormalities in 
second-stage larva of H. gallinae and suggested that these might indicate the 
presence of Histomonas. Desowitz (1950) examined female Heterakis gallinae 
recovered from turkeys dying of histomoniasis and in 1, out of 100 examined, 
found small intracellular parasites in the epithelium of the gut. Desowitz did 
not consider himself justified in identifying these parasites as developmental 
forms of Histomonas meleagridis. 

At Weybridge, during the course of our investigations into histomoniasis in 
chickens and turkeys, it has been necessary to examine large numbers of caeca 
from birds previously infected with the embryonated eggs of Heterakis. 

This paper records, with a photomicrograph and a camera lucida drawing, the 
occurrence of parasites resembling Histomonas meleagridis in a young larva of 
Heterakis gallinae. 


MATERIALS AND METHODS 


Young (11-day-old) turkey poults, reared in isolation and kept in wire-floored 
hovers, were infected orally each with 1000 embryonated eggs of H. gallinae from 
a uniform batch. The birds were killed on the 2nd, 3rd, 4th, 5th, 6th, 7th, 9th and 
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11th days following infection, the caeca removed, fixed in Carnoy’s fluid, sectioned 
and stained with Giemsa’s stain. Birds killed on the 9th and 11th days following 
infection were easily demonstrated to be heavily infected with Histomonas 
meleagridis, this indicating that the batch of worm eggs was, in fact, infected with 
the protozoon. 


PS 


Ps 


” Be oa 





Fig. 1. A photomicrograph of a larva of Heterakis gallinae with protozoan parasites. 


Examination of serial sections from the caeca showed the presence of very 
numerous larvae of Heterakis lying in close apposition to the epithelium, often in 
the crypts of the caecal mucosa or in eroded areas. 

In one series of sections from the caecum of a bird killed on the 4th day after 
infection, organisms resembling Histomonas were seen within a Heterakis larva. 
These are illustrated in Fig. (1) (a photomicrograph of the larva lying in the caecal 
mucosa) and in Fig. (2) (a camera lucida drawing of the larva with contained 
parasites). 


DESCRIPTION OF THE PARASITES 


As shown in Figs. 1 and 2, the parasites measured about 5y in diameter, having 
a conspicuous circular nucleus, lightly stained but with a well-defined nuclear 
membrane, one large densely stained chromatin mass and a number of small 
chromatin granules. The cytoplasm is granular, more densely stained and with 
a number of refractile bodies, presumably the lipoid granules mentioned by 
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Tyzzer (1934). From the figures it will be seen that four parasites are present. 

Of these no. (1), Fig. 2, appears in the photograph, Fig. 1, to be binucleate as if 
undergoing binary fission. Careful examination has, however, suggested that one 
of the apparent nuclei is an artifact. 











4 





Fig. 2. A camera lucida drawing of the larva in Fig. 1 showing 
four parasites (1, 2, 3, 4). 


The exact situation of the protozoa within the worm is difficult to assess, 
although from their central position it could be assumed that they are within the 
cells lining the gut or within the gut cavity itself. Unfortunately the characteristic 
elongated cells usually constituting the gut wall of nematode larvae have not been 
identified, and it is not certain whether the cavity containing free parasites 
(Fig. 2, nos. 2 and 3) is an artifact or part of the gut itself. Only a few related 
srial sections are available, and these unfortunately give no further indication of 
the identity of the tissue. 


DISCUSSION 

The parasites seen in the Heterakis larva were considerably smaller than the 
hormal Histomonas meleagridis seen in tissue, but in other respects were identical. 
Experience at Weybridge over a number of years has shown that H. meleagridis 
can be expected to stain as did these parasites with a granular purple cytoplasm 
and a pale nucleus, with a well-marked nuclear membrane and irregularly distri- 
buted chromatin bodies. 

It is indeed remarkable that on no other occasion have organisms which could 
be identified as Histomonas been observed in Heterakis. Histomonas is a common 
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parasite in Britain, nearly always transmitted under field conditions by the caecal 


worm, and experience at this Laboratory has indicated that all field populations of 


the worm are infected. The difficulty experienced in finding the protozoon in its 
vector may possibly be explained on the assumption that the rate of infection of 





THI 


the eggs of Heterakis (and hence of the young larvae) is very low, perhaps not 
greatly exceeding the ratio of 1 in 1000, which could be deduced from Kendall’s | 
(1957) observation that 1000 eggs were normally necessary in order to set up | 


infection with Histomonas in turkey poults. 
Such a low rate of infection, if generally applicable, clearly limits very severely 
the scope of experimental investigation in this field. 


SUMMARY 


Parasites resembling Hislvmonas mealagridis have been seen in a young larval 
Heterakis gallinae. 


Thanks are due for technical assistance to members of the Pathology Department 
at Weybridge, in particular to Mr E. Clements, for the photomicrography. 
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head- 
‘ond. I. INTRODUCTION 
“ Cercaria X Baylis is a longifurcous, pharyngeal furcocercaria emerging from 
eding 


sporocysts present in Lymnaea stagnalis from Roath Park Lake, Cardiff. Previous 
keys. | studies (Erasmus, 1958b) have shown that this cercaria will penetrate a wide 
range of vertebrate hosts and develop in the lens of the eye into a strigeid meta- 
cercaria of the diplostomulum type. The prevalent natural host is the three-spined 
tand | stickleback (Gasterosteus aculeatus) and the continued development of the cercaria 
will take place only in the lens of the eye. This rigid specificity poses a number of 
interesting problems, particularly in relation to the migration of the cercaria from 
the point of entry into the fish body to its final location in the lens. 

Very many observations have been made over the last century on strigeid cer- 
) cariae and metacercariae and a number of attempts have been made to explain the 
specific location of some of the metacercarial forms. Thus Steenstrup (1845) stated 
that he sometimes noticed ‘a finely granular, unorganized streak, which, passing 
through the cornea to the “pupa” (metacercaria), closely indicated the way by 
which the animal had penetrated previously to becoming a pupa’. Blochmann 
} (1910), who had lost some of the fish in his aquarium as a result of cercarial pene- 
tration, showed that the migration of the cercariae in the fish caused their death. 
He found large numbers of cercariae in the heart, heart blood and brain and noticed 
numerous small haemorrhages in the pericardial region, in the region of the gill 
arteries and also in the orbit and lens. Szidat (1924), working with Cercaria C, 
| examined fishes that had died after cercarial infection and found cercariae under 
the skin, in the brain, in the gill region where the main blood vessels were full of 


rans- 
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cercariae, in the pharynx and in the orbit. He suggested that the nerve tracts and 
blood vessels formed easy routes along which the cercariae could travel. Dubois 
(1929) studied in serial sections the migration of Cercaria letifera in small trout, 
He noted that the head was most frequently attacked with the cercariae pene. 
trating very rapidly. In heavy (fatal) infections cercariae were found in all the 
main blood vessels, in the heart, skin, connective tissue, mucous membrane lining 
the mouth, in the body muscles and in the brain. Wesenberg-Lund (1934) noticed 
that the external surface of fish exposed to the attacks of cercariae was not covered 
with creeping cercariae and suggested that most of the cercariae were drawn in 
through the mouth, or entered by the skin. In dead fishes he found tail-less cer. 


cariae everywhere, creeping on the gills, below the scales, in the stomach, in the | 


heart and in the lens of the eye, great numbers being present in the veins of the gills 
and in those to the heart. In his view there was no doubt that the cercariae were 
carried with the blood stream into the body. 

None of these early workers studied the problem experimentally and, in spite 
of the similarity in their observations, the exact route of migration was not estab- 
lished. These studies, however, showed (a) that penetration into the body may 
occur either through the skin, or, as first suggested by Wesenberg-Lund, through 
the gills; (6) that in fatal infestations cercariae are found everywhere in large 
numbers both in and out of the blood stream. Thus their suggestions that the 
blood stream is the path of migration are not conclusive. 

An experimental approach to the study of the problem has been made by Davis 
(1936) and Ferguson (1943). Davis studied the penetration of C. flexicauda into 
tadpoles. Examination of dead specimens revealed a number of haemorrhages in 
the body and many cercariae in the brain, eye, lens, lumen of the heart, liver, 
gills, kidneys and intestinal tract. He concluded that migration of cercariae was 
via the blood stream because of the speed of their localization. Infection of the 
tadpoles was accomplished by placing their tails in water containing cercariae and, 
as he was able to recover cercariae from the eye within three hours, he assumed 
that this rapid migration must have occurred via the blood stream. This evidence 
is again rather circumstantial. 

Ferguson (1943) studied the problem in more detail using the same cercaria 
but the more natural host—the fish. By an elaborate series of surgical experiments 
he was able to show that cercariae did not localize in orbits from which the eye 
had been removed. In addition, ligature of the optic blood vessels and cutting of 
the optic nerve prevented the localization of cercariae in otherwise intact eyes. 
From these and other results he deduced that the blood stream was the route of 
infection and that entry into the eyeball was via the optic blood vessel. Thus these 
experiments tended to provide information on the factors affecting localization 
rather than on details of the actual migration. 

The following problems still seem to be outstanding. In a normal, non-fatal 
infection: (1) Does entry into the body occur irregularly all over the surface, or 
does it occur more frequently in one region? (2) Is the lens reached by a definite 
route or by chance migration? (3) Do the cercariae migrate through the blood 
stream or through the tissues, or both? The experiments described in this paper 
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represent an attempt to obtain more detailed information on these aspects of 
migration. In addition, some observations have been made on penetration and on 
the effects of the migrating cercariae on the fish. 


Il. METHODS 


All experimental infections were carried out with newly emerged Cercaria X from 
Lymnaea stagnalis. Cercariae were obtained in the following manner. Infected 
L. stagnalis were isolated overnight in 3 x 1 in. tubes. After a reasonable number of 
cercariae had emerged the suspenion was decanted into a graduated cylinder. 
A small sample (0-2 ml.) was removed and the number of cercariae counted. This 
sampling was repeated six times. From the samples the approximate number of 
cercariae in the suspension was obtained and the suspension was then diluted to 
give the volume and cercarial concentration required for infection. The fish used in 
the experiments were small (2-5—4-0 cm. long) three-spined sticklebacks. They were 
fixed by dropping the entire fish into hot 10° formalin. Death was instantaneous 
and after about 1 hr. in the fixative the fish was cut up into three or four pieces. 
This was not done immediately after death, as cercariae might have been lost with 
blood escaping after cutting. Fish were decalcified in Gooding and Stewart's 
formic acid mixture (Carleton & Leach, 1938), washed, dehydrated and double 
embedded following Peterfi’s (Carleton & Leach, 1938) procedure. 

For the study of the relative numbers migrating in the different tissues it was 
assumed that the host tissue or tissues consistently containing the greatest 
number of cercariae would be the tissue most frequently entered and traversed by 
the migrating cercariae. If, for example, the blood stream consistently contained 
the highest number of cercariae during the first 24 hr. after infection, it would be 
assumed that the cercariae migrated most frequently through the blood stream. 
It was also assumed that the migration of cercariae from one tissue to another would 
be indicated by appropriate changes in the numbers from different tissues. 

In practice the following procedures have been adopted. Each fish was serially 
sectioned at 10, and the sections mounted on 2 x 3 in. slides. Every sixth section 
(Le. nos. 1, 7, 13, 19, etc.) in the series was carefully studied and a record made of 
the number of cercariae in each tissue type. The average length of a cercarial 
body in this fixed material was 105 and would extend over a consecutive series 
of approximately ten sections. Thus, by examining every sixth section, very few 
cercariae were missed as the majority of the cercarial bodies were extended paral- 
lel to the longitudinal axis of the fish. To simplify the handling of the numbers and 
to aid interpretation, the numerical information has been telescoped into consecu- 
tive units of 550 long and composed of ten examined sections. Because of the 
length of the cercarial body the same cercaria would occur in two consecutively 
examined sections and would be counted twice. To reduce this error the total 
number of cercariae in a single tissue in each unit was halved. This number is 
referred to as the Tissue Number. The total count covering all the tissues in the 
ten sections in one unit is described as the Unit Total and the Fish Total represents 
the total count throughout the whole fish. The other figure used in the interpreta- 
tion of the results is the Tissue Percentage which is the sum of the tissue numbers 
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of a particular tissue throughout the entire fish expressed as a percentage of the 
fish total. 

The component tissues of the fish body were grouped into categories, each of 
which was given a code letter. These code letters were used in the construction of 
tables and a key is given below: 


A.C. Alimentary canal Liv. Liver 
B. cav. Body cavity Ins. Lens 
BS. Blood system M. Muscle 
C.T. Connective tissue; NS. Nervous system 
fatty tissue Sk. Skin and mucous membrane of 
ES. External surface pharynx 
Gl. Gills—filaments; rakers, etc. Sk. Sy. Skeletal system 
Go. Gonads and ducts Sp. Spleen 
Hm. Humours W. Wall of alimentary canal 
Kd. Kidney and ducts W.L. Wall—conjunctival, choroid, 
L. Lumen of alimentary canal sclerotic and retinal layer 


In text-figs 1-5 the approximate extent of (1) the eye is measured from the 
anterior to the posterior point of the orbit and (2) the head, measured from the tip 
of the snout to the posterior edge of the pericardium. 

All sections were stained with Weigert’s haematoxylin with Ponceau § as 
counterstain. 

Photographs of living material were taken with electronic flash synchronized 
to a single-lens, 35 mm., reflex camera attached to the microscope (Erasmus, 
19582). 

Observations on penetration were carried out on living and pithed fish. In 
addition to the stickleback, isolated tail fins of male Lebistes reticulatus were 
mounted under a coverslip in cercarial suspension to which a few drops of satu- 
rated aqueous solution of Alizarin Red S had been added. The stain coloured the 
secretions as they emerged from the openings of the penetration gland cell ducts. 
Purpurin used in the manner described by Stirewalt & Hackey (1956) did not 
stain either the gland or the secretions. With Alizarin Red S the gland cells were 
coloured a pale amber, but the secretions as they emerged took on a bright orange 
colour. Tail fins of the Guppy (UL. reticulatus) were particularly suitable for these 
preparations because of their length and the presence of numerous melanophores, 
which allowed certain observations, described later, to be made on the actual 
migration. 

Ill. PENETRATION INTO THE FISH BODY 
(a) Site of penetration 
In an attempt to gain information on the main site or sites of entry of the cercariae 
into the fish the following experiment was performed. A small stickleback was 
exposed to the attack of approx. 9000 newly emerged Cercaria X in 30 ml. of 
water for 3min. After this period the fish was removed to clean water and 
57 min. after exposure to infection fixed in 10% formalin. The distribution of 
cercariae shown in Text-fig. 1 indicates that cercariae were able to enter along the 
whole length of the fish, although a marked concentration occurred in the head 
region, particularly in the region of the gills. The figures used in the construction 
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of Text-fig. 1 represent cercariae migrating deep within the tissues as well as those 
in the skin. A more detailed analysis of this cercarial distribution is given in 
Table 1, which contains the tissue numbers in the various tissues throughout the 
entire body. These figures show that entry into the fish is not confined to the ex- 
ternal surface, but that a number of cercariae are drawn into the pharynx on the 
respiratory current and are filtered out by the gills. 

This suggestion is supported by two other observations. First, the characteristic 
anchor-shaped floating position (see Pl. III, fig. 1) of the cercariae is the ideal 
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Text-fig. 1. Overall distribution of migrating Cercaria X in Gasterosteus aculeatus 57 min. 
after infection. Cercarial concentration 9000 in 30 ml.; fish exposed for 3 min. 


Table 1. Distribution of Cercaria X in G. aculeatus 57 min. after infection 


Tissue numbers/region 





Unit total 
Region of body «.. Sk. C.F. M. B.S. Sk. Sy. region 
Tip of snout to ant. 3-5 9-9 1-5 0-0 0-5 15-0* 
face of eye 
(3 units) 


Eye (4 units) 18-0 21-0 3-5 0-5 2-5 46-0F 
Post. face of eye to 31-0 34-0 55 20-0 2-5 121-5f 
end of head (7 

units). Region of 

gills 
Trunk and tail 39°5 25-0 4-0 7:5 2-5 79-08 
(28 units) 

Sum of tissue 92-0 89-0 14-5 28-0 8-0 261-5 
numbers fish total 
Unit totals include: * E.S. = 0-5; + W.L. = 0-5; ¢ Gl. = 27-5; § wall of A.C. = 1-0. 

3. cav.; L.; Liv.; N.S., Sp., Go., Kd., Lns., Hm. = 0-0. 


12 Parasit. 49 
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shape to be caught by the gills. Secondly, if the gills are removed from a fish 
which has been exposed to cercariae and examined under a microscope it may be 
seen that numbers of tail-less cercariae are present both on the gill surface and 
actually penetrating into the gills. The absence of the tail is an important feature 
as its loss under such conditions is an indication of attempted tissue penetration 
by the cercarial body. The table also indicates that this anterior concentration js 
due to a combination of the following factors: (1) cercariae drawn along with the 
respiratory current first come in contact with the head region and penetrate the 
skin on the head: (2) penetration also occurs via the gills; (3) because of this double 
source (gills and skin) of cercariae the numbers in the connective tissue are higher 
relative to the rest of the body, (4) as a consequence of gill penetration more cer- 
cariae are present in the anterior blood system than in the system posterior to the 
heart. 


(b) Method of penetration 


The actual penetration of the cercaria into the fish body has been observed on 
isolated fish tails, pithed fish and living fish. The cercaria, after coming into con- 
tact with the host tissue, attaches itself by the ventral sucker. The firmness of this 
attachment is suggested by PI. III, fig. 4. Here the cercaria has released the hold of 
the ventral sucker upon the tissue, leaving a plug of tissue in the shape of an 
internal mould of the ventral sucker and representing the previous point of attach- 
ment. In addition to this muscular adhesion the ventral sucker bears two alter- 
nating rows of hooks, which provide further anchorage to the tissue. After attach- 
ment the cercaria extends and contracts the portion of the body anterior to the 
ventral sucker, ‘testing’ the substratum with the oral sucker. Movement across 
the host surface is leech-like, consisting of alternate attachment by oral and 
ventral suckers, coupled with extension and retraction of the body. The tail plays 
no part in this movement and generally hangs still except for an occasional flicker 
from side to side. By the addition of Alizarin Red S it has been possible to stain 
the secretions of the penetration gland cells. This secretion may be expelled in the 
form of droplets from the cercaria in the complete absence of host stimulus. In 
aqueous media the secretion is very viscous and sticky and in temporary aqueous 
preparations cercariae occasionally get stuck to the coverslip by the droplets. As 
the oral sucker presses against the host surface, the droplets are extruded and it 
seems probable that the secretion has an adhesive function in this initial contact 
with the host. Eventually penetration occurs by the thrusting of the oral sucker 
into the host tissue (Pl. ITI, figs. 5, 6). The passage through the tissues is mainly 
accomplished by the activity of the oral sucker (anterior organ) and the apical 
cap of spines. A regular retraction and eversion of the apical cap takes place. 
thrusting and splaying the large apical hooks into the tissue and at the same time 
the penetration gland cells release their secretions. This movement of the apical 
cap is very regular and the sequence everted—inverted—everted takes about 10 sec. 
when the cercaria is migrating through connective tissue. The tail does not seem to 
play a great role in penetration. Usually it lies still and all the activity is confined 
to the body region anterior to the ventral sucker. The tail is generally cast off 
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before the body completely enters the host (PI. III, figs. 2, 3), or occasionally it is 
drawn into and plugs the mouth of the entry tunnel. Penetration is rapid and is 
accomplished in about 7-8 min. 


IV. MIGRATION 
(a) Gross movement 


Text-fig. 1 represents the distribution of cercariae 57 min. after infection. Sub- 
sequent alterations of this distribution were investigated by the following 
experiments. 

Experiment 12. Two fish exposed to approx. 3900 Cercaria X in 100 ml. of 
water for 5 min were removed to fresh water and fixed, 55 min. (A) and 5 hr. 37 min. 
(B) after infection. 
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Text-fig. 2. Distribution of Cercaria X in G. aculeatus 55 min. after infection. Cercarial 
concentration 3900 in 100 ml.; fish exposed for 5 min. 
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Text-fig. 3. Distribution of Cercaria X in G. aculeatus 5 hr. 37 min. after infection. 
Cercarial concentration 3900 in 100 ml.; fish exposed for 4 min. 


Experiment 15. Two fish exposed to approx. 3300 Cercaria X in 100 ml. for 
4min. were removed to fresh water and fixed 19 hr. 6 min. and 139 hr. 49 min 
after infection. The overall distribution of cercariae in these four fish is illustrated 
in text-figs 2-5. 

The distribution after 55 min. (Text-fig. 2) shows the same general pattern as 
that shown in Text-fig. 1, although the latter represents an infection with a much 
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larger number of cercariae. Cercariae have entered and are present along the entire 
length of the body, but again there is a peak in the head, particularly in the region 
of the gills. For the next few hours (5 hr. 37 min.,Text-fig. 3) the overall distribu. 
tion has not altered and cercariae are still present within the entire length of the 
fish. This general distribution does not persist, and after 19 hr. 6 min. (Text-fig. 4) 
has altered markedly. It has become much more limited and is concentrated almost 
entirely within the head region, where, however, distribution in the component 
tissues is still quite general. In the rest of the body there is only an isolated speci- 
men in the tip of the tail. This localization becomes much more pronounced as 
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Text-fig. 4. Cercarial distribution 19 hr. 6 min. after infection. Cercarial concentration 
3300 in 100 ml.; fish exposed for 4 min. H, normal cercariae; —&), moribund cercariae under- 
going phagocytosis. 
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Text-fig. 5. Distribution of Cercaria X 139 hr. 49 min. after infection. Cercarial concentra- 
tion 3300 in 100 ml.; fish exposed for 4 min. M, normal cercariae; E), moribund cercariae 
undergoing phagocytosis. 


the time after infection increases (Text-fig. 5, 139 hr. 49 min.). After this period 
localization is most rigid, all cercariae being confined, not only to the head region 
but more strictly to the lens itself. This distribution represents the rigid tissue 
specificity exhibited by the metacercarial stage (Erasmus, 19585). 

Immediately after infection, cercariae are distributed throughout the entire 
body but, as the time after infection increases, so the distribution becomes more 
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and more restricted, until localization is confined to the specific host tissue para- 
sitized by the metacercaria. This localization occurs rapidly and is completed 
within 24 hr. after infection. 


(b) Distribution in various tissues 


Details of the percentage distribution of cercariae within all the major tissue 
groups in relation to the time after infection are given in Table 2. A graph based 
on some of these figures and illustrating the cercarial movement between certain 
tissues is given in Text-fig. 6. Fifteen minutes after infection all the cercariae 
were concentrated in the skin and gills. Fifty-five minutes after infection the 
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Text-fig. 6. The variation in the percentage of cercariae migrating in various tissues in relation 
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Table 2. Relative distribution of Cercaria X in various tissues in relation to 
time after infection 


Tissue percentage of fish total 
Reman 








ct a 
Eye 

Time after ———_ 

infection Se CD. IM: Gl. BW. N.S. Sk. Sy. W.L. Ins. 

15 min. 84:2 00 0-0 15:8 0-0 0-0 0-0 0-0 0-0 

55 min. 19-5 59-0 10-6 1-8 31 0-75 4°5 0-0 0-0 

5 hr. 37 min. 12-8 20-7 29-7 1-4 2-8 2-8 1-4 15-5 51 

19 hr. 6 min. 34 3-4 10-3 6-9 3-4 0-0 0-0 0-0 72-6 

139 hr. 49 min. 0-0 0-0 0-0 0-0 0-0 0-0 4:8 2-5 92-7 
W. at 55min. only = 0-75; E.S., Liv., Sp., Go., Kd. = 0-0; B. cav. at 5 hr. 37 min. only 


= 1-4; Hm. at 5 hr. 37 min. only = 6-4. 
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majority (69-6 %,) of the cercariae were present in the connective tissue and muscle 
layers and only a small percentage (3-1 °{) occurred in the blood stream. 

Within the first 55 min. after infection the proportion in the connective tissue 
and muscle rises very rapidly. Then, as time after infection increases, so the pro- 
portion of cercariae present in these tissues falls rapidly from 69-6 to 13-7 % within 
19 hr. 6 min. after infection. In a similar manner there is an initial concentration 
of cercariae in the skin representing those that have penetrated, and this rapidly 
falls off as the cercariae migrate deeper into the body tissues. The numbers in the 
eye show an inverse relationship to those present in the muscle and connective 
tissue. Immediately after infection there are very few cercariae in the eye, but the 
numbers increase rapidly until, as shown in Text-fig. 6, 95-2 °% of the cercariae in 
the body are restricted to the eve. The proportion of cercariae in the blood vessels 
remains low, never rising above 3-5 %. 

These figures suggest that, although penetration and entry may occur all over 
the fish, this non-localized entry does not result in a haphazard distribution of 
cercariae within the body tissues. The abdominal cavity with its contained organs 
does not seem to be traversed by the migrating cercariae. Considering the large 
numbers of cercariae which must enter the pharynx in the respiratory stream, the 
almost complete absence of cercariae from the alimentary canal is very surprising. 
The majority of the cercarial movements seem to take place within the connective 
tissues and muscle layers, with a small, relatively constant proportion occurring in 
the blood stream. 


(c) The rate and route of migration 


Localization in the eye occurs fairly rapidly. Five and a half hours after infec- 
tion 27-0°% are present in the eye and this increases to 72-6 °% within 19 hr. after 
infection. Thus it seems reasonable to assume that localization is almost completed 
within the first 24 hr. after infection, and considering the distances some of the 
cercariae have to migrate, this represents a very good rate of passage through the 
tissues. Using an experimental preparation of tail fin, an approximate estimation 
of the rate of migration has been made. The cercariae were migrating in the con- 
nective tissues between the fin rays and traversed a distance of 0-4 mm. in about 
8 min. This rate will vary with the type of tissue being traversed, and entry into 
and passage along a major blood vessel would result in a more rapid migration 
through the fish. Taking these factors into consideration, it seems probable that 
the cercariae reaching the eye within 5 hr. are those which entered the fish body 
in the head region via the skin and gills. 

The actual route of migration received much consideration as has already been 
mentioned in the introduction. The majority of authors favour the blood stream 
as the main route, basing their conclusions chiefly on the rate of migration. How- 
ever, Table 2 shows that only a relatively small percentage of the cercariae 
migrating in the body are present in the blood system. Thus, taking the entire 
body into consideration, the evidence presented above does not support the hypo- 
thesis that the blood stream forms the main route of migration. The variation in 
the numbers present in the blood stream along the length of the body is shown in 
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Table 1. These results indicate that the majority of cercariae migrating within the 
blood stream occur in the heud region in the vicinity of the gills. This numerical 
indication is strongly supported by direct examination of the slides. In the region 
anterior to the heart, cercariae have been frequently observed within blood vessels, 
particularly the afferent vessels (see Pl. IIT, fig. 7) and the ventral aorta, and it seems 
very probable that cercariae entering the fish via the gills frequently penetrate 
these major blood vessels in this region and use them for migration. This would 
account for the relatively high proportion of cercariae present in the vessels of the 
head. The suggestion that the blood stream, although it does not contain large 
numbers of cercariae at a given moment, may receive a low but steady number of 
cercariae from the connective tissues, and may in this way form a major route to 
the eye, is not supported by Text-fig. 6. Here the rate of disappearance from the 
connective tissue and muscle is very rapid and a corresponding rate of increase in 
numbers occurs only in the eye. If the blood stream forms an important link 
between connective tissue and the eye, it seems remarkable that the numbers in it 
are so consistently low. This feature could be explained by an extremely rapid 
passage along the blood vessel, once it has been entered. However, the size and 
activity of the cercariae are too great to allow it to be swept passively along with 
the current, and therefore the rate of progress will be governed by the activity of 
the cercariae rather than by the rate of blood flow. Observations tend to suggest 
that such extremely rapid rates of progress are not generally attained. In addition, 
as mentioned earlier, the majority of cercariae migrating in the blood stream occur 
in the head and these can be accounted for by the cercariae penetrating the gills 
and pharynx. 


Table 3. Relative distribution of Cercaria X in various tissues of orally 





infected fish 
Tissue percentage of fish total 
cr Pema 
Eye 
Time after nee 
infection Sk. C7. M. Gl. BS. N.S. Sk. Sy. W.L. Hm. 
40 min. 2-2 56-6 0-0 32-7 6-4 0-0 0-0 2:1 0-0 
4hr. 30 min. 1-1 29-8 | 10-7 15-9 7-5 1-0 9-5 23-4 


E.S., A.C., Liv., Sp., Go., Kd., Ins. = 0-0. 


This hypothesis was further tested by the following experiment. A number of 
fish were orally infected with Cercaria X. Newly emerged cercariae were con- 
centrated by centrifugation into a small volume (3-5 ml.) of water. The fish was 
removed from the water, held in the left hand and the concentrated cercarial 
suspension was then introduced slowly with a pipette held in the right hand. In 
this way large numbers of cercariae were introduced into the pharynx. The fish 
was returned to the water, allowed to recover for a few minutes and then removed 
again. This time the outer surface of the fish was cleaned by holding the fish in 
running water and brushing the external surface with a camel hair brush. The fish 
was finally returned to water. Table 3 gives the proportion of cercariae in the 
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various tissues of fish infected in this manner 40 min and 44 hr. after infection, 
Because of the almost complete elimination of the cercariae which normally 
entered through the skin and were migrating in the trunk, it is possible to see 
more clearly the role played by the blood stream during migration from the gills, 
Comparing these figures with those from normally infected fish and at similar 
times after infection, it is apparent that the cercariae migrating in the blood 
stream of normally infected fish may be almost entirely accounted for by those which 
have penetrated the gills and have then moved into the afferent vessels and ventral 
aorta. In addition, the experiments not only indicated that cercariae could reach 
the eye from the gills, but also confirmed the suggestion that cercariae present in 
the eye within 5 hr. have migrated from the gills and pharynx. It is important to 
emphasize that even in these experiments the proportion migrating in the blood 
stream is very small compared to the numbers present in the connective tissue and 
muscle. 

Within the rest of the body tissues the number of migrating cercariae is very 
small. The body cavity is rarely traversed and the organs in it seem never to be 
entered; and in a chance migration this is very difficult to explain. In the case 
of the nervous system it is possible that the protective nature of the skeletal 
covering would account for the low number of carcariae recorded from this tissue. 
However, this does not explain their marked absence from other organs. Further 
evidence against the concept of chance migration may be derived from Text- 
figs. 2-5. If the migration was non-directional, it would be reasonable to assume 
that the original cercarial concentration in the head would be dissipated through- 
out the entire body. The evidence indicates the contrary. Not only does this con- 
centration persist, but it becomes even more restricted as the time after infection 
increases. There is then no longer any general distribution throughout the entire 
body. 

This disappearance of cercariae from the post-orbital regions of the body may 
be the result of a number of factors. It may imply that all the cercariae migrate 
forwards and enter the eye. The alternative explanation is that the majority of 
cercariae migrate forwards, but that a small number, for a variety of reasons, fail 
to complete the migration and become immobilized and are finally phagocytized 
by the host cells. If the latter interpretation is correct, it means that the host 
tissues can react actively within 24 hr., as at 19 hr. after infection a large number 
of cercariae have already disappeared from the post-orbital regions of the body. 
Careful examination of the sections of a fish killed 19 hr. 6 min. after infection shows 
that all the cercariae present in the head region outside the eye are moribund and 
appear to be undergoing phagocytosis (PI. IV, fig. 8). The work of Smith (1931), on 
wounding in gold fish, suggested that cell movements begin relatively early and he 
noted the presence of melanophores, which appear some time after the tissue 
reaction has been initiated, at the wound sites 2 days (at 25-6° C.) after the initial 
tissue damage. In contrast to this, Hunter & Hamilton (1941), describing the 
migration of cercariae and their development into the encysted metacercariae 
of Uvulifer ambloplitis, stated that 48 hr. after infection there was no evidence of 
host tissue reaction and that they could not find macrophages until the 5th-7th 
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day. The observations here recorded support Smith’s (1931) conclusions that 
host cell reactions begin early, but there will obviously be great variation depend- 
ing on the temperature of the external environment, the severity of the initial 
stimulus and nature and condition of the host animal. 

The migration within the blood vessels seems to be relatively temporary, as 
cercariae may be frequently observed entering and leaving the blood vessels. 
Entry into the eye is not restricted to any particular route and penetration into the 
eyeball may occur at any point, even through the external surface of the con- 
junctiva. After passage through the wall of the eye, the cercariae traverse the 
humours and enter the lens (PI. ILI, figs. 4, 5). 


V. EFFECTS OF MIGRATION ON THE FISH 


When a fish is exposed to the attack of cercariae its behaviour becomes abnormal ; 
within a few minutes it becomes restless and dashes around the tank. This spas- 
modic activity alternates with periods of calm. Small fish exposed to large numbers 
of cercariae die very rapidly. Small minnows an inch long succumbed after 
3 min. 

The combined action of the spines and the secretions of the penetration gland 
cells during migration has been described above, but the function of the gland cell 
secretions in relation to migration is rather obscure. As mentioned earlier, the 
secretion when it is extruded into an aqueous medium is viscous and sticky. 
Observations on cercariae migrating within Alizarin Red 8 preparation of an iso- 
lated fish tail showed that the secretion does not remain concentrated in front of 
the cercarial body, but, because of the alternate expansion and contraction of the 
anterior part of the body, tends to spread out backwards over the cercarial body. 
The secretion remains in contact with the tissue in front of the body only for a 
few seconds, so that any digestion which occurs would have to take place very 
rapidly. The highly pigmented tail fin of male Lebistes reticulatus made it possible 
to observe what was happening immediately in front of the cercaria. If one assumed 
that a lytic secretion was expelled anterior to the cercarial body, it seemed prob- 
able that the melanophores lying in the migratory path just ahead of the cercaria 
would exhibit some disturbance, but it was always noted that the melanophore 
wall was not ruptured until the oral spines came into contact with it. Occasionally 
a cercaria would penetrate the tail fin completely in a transverse direction and the 
rim of the resultant aperture was always stained orange-red by the Alizarin Red 
S coloured secretion (Pl. IV, fig. 2). These observations on Cercaria X confirm 
certain statements made by Stirewalt & Hackey (1956) in which they also com- 
mented on the viscous and sticky nature of the secretions from the pre-acetabular 
gland cells of cercariae of Schistosomum mansoni penetrating mammalian skin. 
They also noticed that the droplets tended to remain as discrete entities within 
the migration tunnels and also stained the circumference of the apertures of the 
penetration tunnels. Thus it seems possible that the secretions of the gland cells 
of Cercaria X are not lytic but may be adhesive and/or lubricatory in function. 
This concept is partly supported by the histochemical studies of Lewert & Lee 
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(1954), who were unable to detect any collagenase-like activity m extracts of an 
unidentified strigeid cercaria. A lubricatory function has also been suggested for 
the secretions of certain Xiphidiocercariae (Kruidenier, 1951, 1953). 

Whatever the mechanism, there is no doubt that the migration of cercariae with- 
in the fish body causes extensive damage. The exact extent of this damage is 
unpredictable as the route which the cercariae follow cannot be defined exactly. 
Penetration into the skin results in the disruption of the epidermis at various points 
(PI. ITI, figs. 4-6) and occasionally results in interference with the lateral line sense 
organs. In the post-cardiac region of the body, migration occurs mainly in the 
muscle layers, and the previous passage of cercariae is often indicated by the track 
of damage left by the cercariae (PI. IV, fig. 6). Presumably damage of this nature is 
of secondary importance and would not be fatal. Migration within the blood stream 
may produce more severe results. In its most innocuous form the presence of 
carcariae in the smaller vessels may result in a temporary blockage. More severe 
and often fatal damage is caused by the migration of cercariae into and out from 
the vessels (PI. IV, fig. 1). As mentioned earlier, migration within the circulatory 
system occurs most frequently in the vessels anterior to the heart. In this way the 
ventral aorta often becomes severely damaged by the perforation and migration 
of cercariae in the muscle coat (PI. IV, fig. 7). In a fish exposed to 9000 Cercaria X 
in 30 ml. for 4 min. and fixed 5} hr. after infection, eight complete perforations 
were noted in 1-2 mm. of ventral aorta anterior to the heart, together with two 
cercariae migrating in the wail. In such cases a great deal of internal bleeding 
would occur and this could easily be the cause of death. Cercariae are occasionally 
found in the heart, and here again similar factors, perforation and haemorrhage, 
blockage and destruction of muscle layers, would soon lead to the death of the 
host. 

In a number of instances cercariae have been found migrating in the brain with 
resultant destruction of nervous tissue. This latter condition, coupled with 
interference with the lateral line sense organs and destruction of retinal tissue 
(Pl. IV, fig. 3) during entry into the eye, may explain the orientation defects which 
sometimes occur in fish after infection. In such cases the fish has to exert itself to 
maintain orientation in the water and in a severe condition, unless a continuous 
movement of the fins were maintained, the fish floated with the abdomen upper- 
most. Generally, if the fish survived a period of 24 hr. after infection, its behaviour 
would return to normal. The temporary nature of this disturbance supports the 
concept that the majority of cercariae have localized in the lens within 24 hr. 
and that the remainder are already being rendered innocuous by the host tissues. 


VI. DISCUSSION 
The experiments described above indicate that cercarial penetration may occur 
at any point on the body of the fish coupled with a local concentration in the gill 
region. The overall distribution resulting from such an infection is at first general, 
but within 24 hr. after infection it becomes more and more restricted, until it is 
confined to the eye and ultimately to the lens itself. Cercariae present outside the 
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eve after this period appear to be moribund and in most cases are undergoing 
phagocytosis. The majority of migrating cercariae are present in connective tissue 
or muscle. Only a small proportion (2-4°%) migrate in the blood system and of 
these most occur in the blood vessels in the immediate vicinity of the gills. Cer- 
cariae rarely appear in the brain or body cavity with its contained organs. 

These results confirm and explain some of the observations made by Blochmann 
(1910), Szidat (1924), Dubois (1929) and Wesenburg-Lund (1934), but they do not 
support the hypothesis put forward by these and later workers that the blood 
stream forms the main route for migration. There is no doubt that the cercariae 
enter the blood stream and traverse it for short periods, particularly in the region 


| of the gills, but, of all the cercariae that reach the lens, only a small proportion 


have migrated in this manner. The rapid rates of migration recorded by Davis 
(1936) and Ferguson (1943) may be explained by the fact that no apparent attempt 
was made to prevent cercariae creeping over the surface of the host and entering 
in the immediate vicinity of the eye. Ferguson’s (1943) suggestion that entry into 
the eye was by way of the optic blood vessel is not supported by observations 
recorded here on this particular combination of host and parasite and the evidence 
presented above shows that there is no localized point of entry into the eye. 
Early workers have supplied some confirmatory evidence. Blochmann (1910) com- 
mented on the large numbers of cercariae penetrating the tissues of the eye, and 
also described much tissue damage in the retina caused by migrations of the cer- 
cariae. Szidat (1924) observed cercariae in the sclerotic below the external pigment 
layer, in the capillary zone of the choroid and in the rods and cones of the retina. 
Ferguson’s conclusion was based mainly on the fact that, when the optic blood 
vessels were cut or ligated, no cercariae entered the eye. He also found that cutting 
of the optic nerve reduced the number of cercariae entering the eyeball. As these 
experiments were not supported by histological evidence of cercariae within these 
blood vessels, it is suggested that as a result of these surgical procedures, the 
normal functioning of the eye was so altered that the cercariae did not or could not 
localize in it. 

Whether or not the migration is a directive one still remains to be proven, but 
anumber of observations may be added to those already published. First, the very 
uniform experimental results of Ferguson (1943) strongly suggest that the physio- 
logical state of the eye influences to a marked extent the success of the migration. 
A more detailed appraisal of this conclusion is not possible at present. It may be 
that the cercariae are capable of reaching the eye but migrate out of it again as a 
result of its abnormal physiological state. Secondly, the figures illustrating the 
movement of the cercariae within the body of the fish after infection tend to sup- 
port the concept that the migration is directive. The distribution is essentially 
wimodal and this, instead of dispersing, becomes more strongly emphasized. 

Not all the cercariae reach the eye. It seems that if localization is not completed 
within 24 hr. the cercariae become moribund. Previous studies (Erasmus, 1958b) 
have indicated that the cercarial body contains extensive glycogen reserves. It 
is possible that the duration of the migration may be limited by the amount of 
glycogen present. As the reserves become depleted, so the cercarial body becomes 
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less active. The condition of the penetration gland cells may also play a part, 
Ferguson (1943) showed that when cercariae, which had completed their migra. 
tion to the eye and in which the gland cells were largely used up, were injected into 
the orbit they were unable to complete their migration. However, in view of the 
uncertainty regarding the nature of the secretions of the gland cells, it is difficult 
to assess accurately the role of these structures in migration. 


VII. SUMMARY 


1. Studies, using serial sections and a method of numerical assessment of the 
numbers of cercariae in the various tissues, have shown that cercarial entry occur 
through the skin at any point along the length of the fish and also through the 
gills and pharynx in the head region. The distribution of penetration along the 
length of the body is not uniform but exhibits a marked concentration in the head 
region. 

2. As the time after infection increases, this initial unimodal distribution js 
maintained and becomes even more restricted. 

3. Nearly all the cercariae have localized in the eye 12-24 hr. after infection. 
The few that remain outside the eye after this period appear to be moribund and 
undergoing phagocytosis. 

4. The majority of migrating cercariae are present in connective tissue and 
muscle. Very few occur in the blood system and even fewer in the other organs of 
the body. The numbers in the blood system show a local anterior concentration 
in the blood vessels anterior to the heart and in the region of the gills. It seems 
probable that the blood system does not form the major route of migration. 

5. Entry into the eye may occur at any point. 

6. Cercarial migration causes extensive tissue damage, but this is fatal only 
when major blood vessels are perforated and severe internal haemorrhage results. 
Interference with the nervous system and lateral line system may be the cause of 
the orientation disturbances which are sometimes noted within 12 hr. after 
infection. 

7. It is suggested that migration through the tissues is achieved mainly by the 
action of the anterior spination and that the function of the penetration gland 
cells may be lubricatory and/or adhesive rather than lytic. 

8. The restricted tissue distribution during migration and the retention of an 
essentially unimodal distribution of cercariae along the length of the body through- 
out the whole period of migration suggest that localization in the lens is not 
achieved by chance migration. 
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EXPLANATION OF PLATES 
PLatTeE IIT 


Fig. 1. Characteristic anchor-shaped floating posture of Cercaria X. Living material. 
Electronic flash. ( x 90.) 
Fig. 2. Tail fin of male Lebistes reticulatus with attached cercarial body and cast off tails. 
Living material. Electronic flash. ( x 70.) 
Fig. 3. Cercaria X penetrating tail fin of male L. reticulatus. Cercarial body has entered 
tissues and forked tail still attached is held erect, away from the fin. Living material. 
Electronic flash. ( x 80). 
Fig. 4. Section showing Cercaria X penetrating skin of Gasterosteus aculeatus. Note heavily 
stained tissue plug at previous point of attachment of ventral sucker. Ehrlich’s haematoxylin 
and eosin. (x 370.) 
Fig. 5. Cercaria X migrating below epidermis of G. aculeatus. Note tunnel produced by 
cercarial body and disruption of host epidermis at head end. Ehrlich’s haematoxylin and 
eosin. ( x 370). 
Fig. 6. Migration to subcutaneous tissue. Note body shape which reflects the active body 
movements which occur within the tissues. Penetration gland cells still evident. Weigert’s 
haematoxylin and Ponceau S. (x 370.) 
Fig. 7. T.S. afferent vessel of G. aculeatus containing cercarial bodies. Ehrlich’s haematoxylin 
and eosin. ( x 460.) 

PLATE 1V 
Fig. 1. Cercaria X penetrating an artery in the head of Gasterosteus aculeatus. Ehrlich’s 
haematoxylin and eosin. (x 340.) 
Fig. 2. Hole through tail fin of male L. reticulatus produced by migration of Cercaria X. The 
rim of the aperture is deeply stained by the Alizarin Red S present in the preparation. 
Living material. Electronic flash. ( x 90.) 
Fig. 3. Cercaria X passing through retinal tissues. Note disruption of pigment layer. Ehrlich’s 
haematoxylin and eosin. (x 340.) 





190 Davip A. Erasmus 


Fig. 4. Cercaria in process of entering lens of G. acwleatus. Ehrlich’s haematoxylin and eogip, | 
( x 340.) j 
Fig. 5. Cercarial body lying beneath lens epithelium of G. aculeatus after completion of | 
migration. Ehrlich’s haematoxylin and eosin. ( x 340.) 

Fig. 6. Portion of track left by migrating cercarial body in muscle blocks of G. aculeatys, 
Note complete destruction of muscle fibres. Weigert’s haematoxylin and Pinceau 8. ( x 360, 
Fig. 7. T.S. ventral aorta of G. aculeatus containing body of migrating cercaria. Note als 
perforation of aorta wall diagonally opposite cercarial body. Weigert’s haematoxylin and 
Ponceau 8. ( x 150.) 

Fig. 8. Cercarial body which has failed to complete its localization undergoing phagocytosis 
in muscle block of G. acwleatus approximately 19 hr. after infection. Weigert’s haematoxylin 
and Ponceau 8. ( x 360.) 


(MS. received for publication 28. 1v. 1958.—Ed.) 
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DITRACHY BOTHRIDIUM MACROCEPHALUM GEN.NOV., 
SP.NOV., A CESTODE FROM SOME 
ELASMOBRANCH FISHES 


By GWENDOLEN REES, D.Sc. 
Department of Zoology, University College of Wales, Aberystwyth 


(With Plate V and 27 figures in the Text) 


Specimens of Ditrachybothridium macrocephalum gen.nov., sp.nov. were obtained 
from the spiral valve of three species of elasmobranch fishes, Raja fullonica L.., 
R. circularis Couch and Scyliorhinus caniculus (L.), caught in the trawl in Sep- 
tember 1957 in the fishing grounds off the west coast of Scotland near the island 
of St Kilda. I am greatly indebted to Dr H. H. Williams and Mr D. Hemingway 
Jones, B.Se., of this department who collected the material. Details of the 
occurrence of the worm and the localities from which it was obtained are as follows: 


Depth No. of 
Host Date Locality (fathoms) specimens 
Raja fullonica 16. ix. 57 57° 50’ N.., 160 Two small 
9° 15’ W. 
R. fullonica 16. ix. 57 57° 50’ N., 130 Two small 
9° OW. 
R. fullonica 17. ix. 57 57° 50’ N., 160 Two large, 
9° 15’ W. two small 
(two frag- 
ments) 
R. circularis RT. ix. ST 57° 50’ N., 130 Two small, 
9° OW. (one frag- 
ment) 
Scyliorhinus caniculus 17. ix. 57 57° 50’ N., 160 Two small 
9° 18’ W. 


The specimens were collected during five separate trawling operations on two 
consecutive days in almost the same locality. They were fixed at the time of 
collecting in 5% formaldehyde. Whole mounts were stained with Gower’s Carmine 
or Celestin Blue and serial sections cut at 74 in thickness were stained with 
Heidenhain’s azan or Ehrlich’s haematoxylin and Orange G. Spiral valves of 
several specimens of Raja fullonica were also fixed in 5%, formaldehyde and 
brought back to the laboratory for examination. Portions of the fold of the wall 
of one of these were sectioned and stained with Heidenhain’s azan or Tiroxy- 
haematin. 

The worms, with the exception of the few fragments, were complete, the last 
segment being present in each case. The small specimens were immature, some 
showing no signs of reproductive organs and others, rudiments only of the genitalia. 
In the two large specimens recovered from R. fullonica on 17 September the last 
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segment showed the reproductive system in the mature condition in one (PI. V, 
fig. 5) and very nearly so in the other (PI. V, figs. 1, 4). No gravid segments were 
found. 

The largest specimen measured 56-063 mm. in length with a maximum breadth 
of 0-500 mm. in the posterior fourth of the body. It consisted of a scolex and 
fifty segments. The other large specimen measured 31-50 mm. in length with a 
maximum breadth of 0-425 mm. and consisted of a scolex and fifty-nine segments. 
The length of the small complete worms varied from 10-02 to 16-00 mm. with a 
diameter of 0-341—0-573 mm. according to the degree of contraction. These small 
specimens tended to curl up in a flat dorso-ventral spiral of about one and a half 
turns if dropped into fixative without flattening. 

Ditrachybothridium macrocephalum is white in colour, elongated and tapers 
slightly towards the anterior extremity. The segmentation is not clearly visible 
to the naked eye and the strobila is cylindrical in unflattened specimens. 


Scolex 


The scolex is elongated, measuring 1-30-1-43 mm. in length in the largest 
flattened specimens (Text-figs. 1-3; Pl. V. fig. 2). In the smallest, which was 
unflattened and in which the scolex was contracted, it measured 0-872 mm. in 
length. The scolex bears a dorsal and a ventral bothridium, each of which is oval 
or spoon-shaped in outline, sessile and occupies almost the whole length of the 
scolex. The bothridia are broadest, usually, at about one-third of their length 
from the anterior extremity where in flattened specimens they measure 0-414 mm. 
in breadth. In contracted specimens the breadth is greatest at about the middle 
region (Pl. V, fig. 3) and may reach 0-573 mm. The bothridia narrow fairly 
rapidly to a bluntly pointed anterior extremity and more gradually towards the 
posterior extremity. At both ends they pass insensibly into the scolex. The exposed 
surface of each bothridium, i.e. the dorsal or ventral face respectively, is flat or 
slightly concave (Text-figs. 1-3, 11-18). The bothridia are broader than the scolex 
itself and so project beyond it laterally for most of their length. Posteriorly, where 
the bothridia narrow, the scolex becomes apparent on either side (Text-figs. 1, 
3 and 18, Pl. V, fig. 2). The outer adjacent surfaces of the dorsal and ventral 
bothridia, where they extend laterally, are convex, the wall curving from its 
point of attachment to the scolex to meet the flattened exposed surface (Text-figs. 
12-18). The transverse diameter and the depth of the scolex increase slightly from 
the anterior to the posterior ends, as will be seen from the following series of five 
measurements, in millimetres, taken at fairly equal intervals along its length: 


Anterior to posterior end 


A 





a 


ae ™ 
Scolex, diameter 0-134 0-224 0-319 0-341 0-346 
Bothridia, diameter 0-202 0-370 0-400 0-317 0-273 
Scolex plus bothridia, depth 0-109 0-134 0-141 0-142 0-146 


It can be seen that there is a steady increase in the diameter of the scolex and an 
increase followed by a decrease in the diameter of the bothridia. There is also a slight 
gradual increase in the depth of the scolex in the same series. As a result of this 
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Text-figs. 1-3. Ditrachybothridium macrocephalum gen.nov., sp.nov. 
Text-fig. 1. Scolex, dorsal or ventral view, showing bothridium with marginal spines and the 
nervous system. 
Text-fig. 2. Scolex, lateral view, showing nervous and excretory systems. 
Text-fig. 3. Scolex, dorsal view, showing dorsal half of excretory system. 
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and of the narrowing of the bothridia the latter gradually diverge from one another 
laterally in the posterior half of the scolex (Text-figs. 2, 4 and 18). In unflattened 
specimens, and presumably in the living condition, the exposed face of each 
bothridium sometimes becomes more concave so that the outer or lateral adjacent 
surfaces are rolled away from one another towards the dorsal and ventral surfaces 
on either side (Text-fig. 4). Behind the bothridium is what might be described as 
a short cephalic peduncle. terminated by a velum which marks the posterior limit 
of the scolex (Text-figs. 1-4). The velum measures 0-312—0-350 mm. in breadth 
and 0-036 mm. in depth. The anterior extremity of the scolex is bluntly pointed and 
a transverse section through this region shows a spherical area or apical organ 
0-085 mm. in diameter demarcated by a layer of delicate muscle fibres (Text-figs, 
1-3, 10-11). Within this area there is apparently no development of gland cells 
or any special arrangement of muscle fibres. This feebly developed apical organ 
may help to maintain some degree of rigidity at the tip of the scolex. 

The bothridia are armed with spines (Text-figs. 1, 2, 4, 5-9 and 12-18; PL.V, 
fig. 2). In a surface view of the bothridia the spines can be seen along the right 
and left lateral margins commencing a short distance behind the anterior end and 
continuing almost to the posterior limit (Text-fig. 1). In the anterior half there 
appear to be two alternating rows on either side (Text-fig. 6a, 6) but more pos- 
teriorly, as the bothridia narrow, the spines encroach slightly on to the surface 
until there are three or four rows on either side (Text-figs. 1, 6c). The true arrange- 
ment of the spines is best seen in a lateral view of the scolex or in transverse sections 
where they are found to cover the outer convex surface of each bothridium on 
either side (Text-figs. 4, 9 and 12-18). Those spines on the margins of the bothridia. 
in surface view, are in effect the first of a series of alternating rows which extend 
from the margin, obliquely, along the convex outer surface to the point of junction 
of the bothridia with the lateral wall of the scolex. A somewhat similar arrange- 
ment of spines has been described by Baylis (1950) for the four bothridia of 
Dinobothrium spinosum. Anteriorly and posteriorly there is a slight decrease in 
the number of spines per row (Text-figs. 4, 5). The spines have a characteristic 
shape, those along the anterior half of the margins of the bothridia are stout and 
thorn-shaped with backwardly directed hook-like tips (Text-fig. 6a). They measure 
0-0146 mm. in length. Passing backwards they become slightly less robust (Text- 
fig. 65) until finally they are small straight spines measuring only 0-007 mm. in 
length (Text-fig. 6c). Text-fig. 7 illustrates a series of spines from along the margin 
of the bothridium, showing the change in size and shape from the anterior to the 
posterior ends. A similar change in the shape of the spines is apparent on the outer 
convex surface of each bothridium (Text-fig. 5a-c). Passing from the margin along 
the outer convex surface, they become gradually more slender, the root and point 
less well defined, until eventually in the depth of the lateral groove they are reduced 
to simple straight spines (Text-figs. 5a, 8 and 9). The arrangement of the spines 
and the variation in their shape is presumably correlated with their function. Those 
at the posterior ends of the bothridia and those in the depth of the lateral grooves 
are least likely to come in contact with the surface to which the scolex must attach 
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the free margins are the best developed. As already stated, in unflattened specimens 
the exposed dorsal and ventral faces of the bothridia become concave, causing 
the edges to roll over, exposing more of the spiny convex outer surfaces (Text-fig. 4). 





Text-figs. 4-9. Ditrachybothridium macrocephalum gen.nov., sp.nov. 


Text-fig. 4. Scolex, lateral view, showing outer convex face of the dorsal and ventral bothridia 
rolled over, exposing the rows of backwardly directed spines. 

Text-fig. 5 (a), (b) and (c). Arrangement of spines on the anterior, middle and posterior 
regions of the outer convex face of the bothridium, surface view. 

Text-fig. 6 (a), (b) and (c). Arrangement of spines on the anterior, middle and posterior regions 
ofthe margin of the bothridium, surface view. 

Text-fig. 7. Series of ten spines taken at intervals from the anterior to the posterior ends of 
the margin of the bothridium, showing progressive decrease in size. 

Text-fiy. 8. Series of five spines selected from those of one row on the outer convex surface 
of the bothridium, showing progressive decrease in size from the margin inwards. 

Text-fig. 9. Transverse section through the free margin of one bothridium, showing arrange- 
ment of spines on the ‘outer convex surface. 
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If such a head is thrust between the villi of the wall of the spiral valve of the host, 
the spines could be embedded in neighbouring villi, anchoring the worm in position, 
Pl. V, fig. 6, is a vertical section through a fold of the spiral valve of Raja fullonica 
and shows the narrow spaces between the villi into which the scolex of Ditrachy. 
bothridium macrocephalum could be thrust. Unfortunately, no specimens were 
found still adhering to the wall of the intestine. Possibly the attachment is not as 
firm as in some other species with more powerfully developed scolices, so the worm 
loses its grip on fixation. 

The spines are embedded in the cuticle, which is much thicker in the regions 
where they occur than on the rest of the scolex (Text-figs. 9, 12-18). They occupy 
the whole depth of the cuticle and appear to encroach slightly into the underlying 
parenchyma. They are, however, limited internally by the basement membrane 
and no muscles have been seen attached to their roots. The spines, therefore, are 
presumably incapable of independent movement, their position depending on the 
degree of contraction and expansion of the scolex and bothridia and on the rolling 
of the margins of the latter. 

There is no armature at the apex of the scolex nor on the short cephalic peduncle. 
The latter terminates in a velum which overlaps, slightly, the proliferating zone 
which follows. 

Strobila 

The scolex is followed by a neck or proliferating zone (Text-figs. 1, 3) which in 
the longest specimen measured 1-91 mm. in length and 0-202 mm. in breadth. The 
strobila is acraspedote. The early segments, which are not very clearly marked, 
are about ten times broader than long. Later they become square and finally 
about four or five times longer than broad (Text-fig. 23; Pl. V, figs 1, 5). The first 
segment in this same worm measured 0-288 mm. broad and 0-027 mm. long. A 
segment from about a quarter of the way down the strobila measured 0-400 mm. 
broad and 1-320 mm. long and one at half-way 0-425 mm. broad and 2-000 mm. 
long. The maximum length and breadth of the segments occur at about three- 
quarters of the length along the complete strobila where a segment measured 
0-500 mm. in breadth and 2-446 mm. in length. The last segment in the complete 
worm is usually a little smaller than those immediately preceding it. In this case 
it measured 0-414 mm. in breadth and 1-872 mm. in length. In the second largest 
specimen (PI. V, figs, 1, 4) and in one of the smaller ones the last segment was 
for some unknown reason much broader than the remainder of the strobila. 
Rudiments of the genitalia appear early and gradually develop towards the posterior 
end. As already stated, with the exception of the last segment of the longest worm 
(Text-fig. 23) no fully mature segment was found. The genital atrium is in the 
mid-ventral line in the posterior quarter of the segment, the cirrus sac being in 
front of the vagina. There is no uterine pore. The strobila is cylindrical in un- 
flattened specimens (Text-fig. 22). 

The cuticle on the strobila and on the exposed unarmed faces of the bothridia 
consists of two layers, an outer composed of closely set ‘hairs’ and an inner 
homogeneous layer (Text-figs. 11-20, 25-27). It is thinnest on the dorsal and 
ventral faces of the bothridia where it measures 0-002 mm. In the early part of 
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the strobila it measures 0-007 mm. and more posteriorly 0-009 mm. in thickness. 
0n the outer convex surfaces of the bothridia, which bear the spines, the cuticle is 
(009 mm. in thickness, more than four times as thick as that on the flattened 
surfaces. Here it consists entirely of a homogeneous layer, devoid of ‘hairs’, in 
which the spines are embedded. There are no ‘hairs’ on the apical or lateral 
regions of the scolex or on the cephalic peduncle (Text-figs. 10, 18 and 19). In 
tle latter the cuticle measures 0-009 mm. in thickness. 


Musculature 
The musculature of Ditrachybothridium macrocephalum is not well developed. 


(a) Superficial musculature The superficial musculature throughout the scolex 
and strobila consists of one or two layers each of circular and longitudinal muscle 
fibres (Text-figs. 10-20, 25-27). 


(b) Deep musculature 


Scolex. The bothridia are simple structures not sharply demarcated from the 
underlying parenchyma. They are not very contractile and the musculature is 
somewhat unspecialized, being in the form of a network extending without inter- 
ruption through the scolex and bothridia. Transverse, dorso-ventral, radial and 
longitudinal muscles contribute to the general network. 

(1) Transverse muscles. At the anterior extremity of the scolex a few delicate 
transverse muscle fibres pass across from the right to the left anterior borders of the 
bothridia dorsally and ventrally (Text-fig. 11). They are inserted into the basement 
membrane on either side. Immediately behind the apical organ the transverse 
muscles are better developed and form a dorsal and ventral band in the central 
zone of the scolex to the inner side of the dorsal and ventral excretory vessels 
(Text-fig. 12). Some anastomosis takes place in the central zone between the two 
layers of fibres which are inserted into the basement membrane, laterally, in the 
depth of the groove between the dorsal and ventral bothridia. The transverse 
muscles continue in much the same pattern throughout the length of the bothridial 
region of the scolex (Text-figs. 13-18). In places they encroach to a greater or 
lesser degree into the central zone or occasionally to the outer sides of the excretory 
vessels. Some extend into the bothridia, where the latter are widest, and spread 
out fan-wise to be inserted into the basement membrane on the outer convex faces 
ofthe bothridia (Text-figs. 15, 16). The transverse muscles are best developed in the 
anterior half of the scolex (Text-figs. 12-16). Towards the posterior half they 
become gradually more diffuse (Text-figs. 17, 18) and where the bothridia finally 
become continuous with the scolex, posteriorly, they are very delicate and only 
a few remain in the cephalic peduncle. 

(2) Dorso-ventral muscles. Dorso-ventral muscles are present throughout the 
length of the scolex. They are very delicate at the anterior end where they consist 
ofa few fibres passing from the dorsal to the ventral body wall on either side of the 
apical organ (Text-fig. 11). Immediately behind the latter and in front of the brain 
they become prominent in the central zone where they are arranged in bundles of 
afew fibres each (Text-fig. 12). Anastomosis takes place between fibres of neigh- 
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Text-figs. 10-16 Ditrachybothridium macrocephalum gen.nov., sp.nov. 
Text-fig. 10 Transverse section through tip of scolex, showing feebly developed apical organ. 
Text-fig. 11. Transverse section through scolex, showing beginnings of bothridia and dors0- 
ventral excretory loop on either side of the apical organ. 
Text-fig. 12. Transverse section through scolex immediately behind apical organ and it 
front of brain showing bothridia with spines, excretory vessels and the transverse, dors0- 
ventral, radial and longitudinal muscles. 
Text-fig. 13. Transverse section through the scolex, showing cerebral ganglia united by 
transverse commissure and the musculature. 
Text-fig. 14. Transverse section through the scolex immediately behind the cerebral ganglia, 
showing the lateral nerves and the better developed musculature in the region. 
Text-fig. 15. Transverse section through the scolex, showing the bothridial nerves arisilg 
from the lateral nerves; the bothridia, musculature and excretory vessels as before. 
Text-fig. 16. Transverse section through the scolex, showing, mainly, extension of the radiél 
muscles towards the centre. 
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bouring bundles so that some appear to pass obliquely across the central zone. 
The dorso-ventral muscles are interrupted by the brain, passing to either side of 
it or above and below it (Text-fig. 13). Behind the brain they are again well 
developed, forming several bundles in the central region (Text-fig. 14). The 
dorso-ventral muscles continue throughout the scolex (‘lext-figs. 15-18), extending 
in places laterally beyond the excretory vessels and lateral nerves. Outside the 
lateral nerves they tend to curve outwards dorsally and ventrally to extend into the 
bases of the bothridia (Text-figs. 15, 16). Approaching the posterior end of the 
scolex the lateral nerves diverge from one another so that the dorso-ventral 
muscles again tend to be confined between them. In the cephalic peduncle they 
are in the form of a few delicate fibres distributed across the scolex in the area 
between the lateral nerves. 

(3) Radial muscles. The radial muscles are confined, anteriorly, to the lateral 
regions of the bothridia, but further back in the scolex they encroach into the 
central zone. At the anterior end they consist of a few fibres passing diagonally 
across the as yet inconspicuous margins of the bothridia (Text-fig. 11). As the 
hothridia become more prominent the muscles become more extensive. For the 
most part they are evenly distributed in the free lateral regions, the innermost 
fibres of the dorsal and ventral sides meeting in the lateral groove (Text-fig. 12). 
In the neighbourhood of the brain (Text-fig. 13), and in some other places in the 
scolex, they may extend farther in so that some of the radial fibres from the dorsal 
and ventral sides cross one another opposite the lateral grooves and to the outer 
sides of the lateral nerves (Text-figs. 14-16). Some are so oblique that they meet 
in the middle line dorsally and ventrally (Text-fig. 16). Where the bothridia narrow 
posteriorly the radial muscles become less extensive (Text-figs. 17, 18) and finally 
disappear as such when the free portions of the bothridia merge into the scolex. 
A few delicate radial muscles now appear in the lateral region of the scolex (Text- 
fig. 18) and are found, also, in the cephalic peduncle sparsely distributed around the 
peripheral zone. 

(4) Longitudinal muscles. The longitudinal muscles are unevenly distributed in 
the scolex. There are a few isolated fibres, scattered through the parenchyma, which 
pass on into the proliferating zone. The longitudinal muscles in the scolex are best 
developed near both lateral margins dorsally and ventrally at the point where the 
bothridia join the scolex. Here they form four separate bundles of longitudinal 
fibres, two dorsal and two ventral, which extend throughout the length of the 
scolex (Text-figs. 12-19). They are inserted into the basement membrane near the 
tip of the scolex and are not very conspicuous in the anterior half. In the posterior 
half and opposite each of these bundles is a series of obliquely placed muscle 
fibres extending from the dorsal and ventral wall of each bothridial face, on either 
side, backwards and inwards to join the relevant bundle which consequently 
consists of an increasing number of fibres. The four bundles continue through the 
cephalic peduncle lying close to the body wall and on into the proliferating zone 
where the constituent fibres become more delicate and are eventually absorbed 
into the superficial longitudinal muscles of the body wall (Text-fig. 19). 

The concerted action of all these muscles in the scolex can bring about a variety 
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Text-figs. 17-21. Ditrachybothridium macrocephalum gen.nov., sp.nov. 


Text-fig. 17. Transverse section through the scolex, showing decrease in prominence of the 
bothridia, change in direction of the bothridial nerves as they arise, the branching of the 
excretory vessels and the poorly developed musculature. 

Text-fig. 18. Transverse section through the posterior end of the scolex, showing further 
narrowing of the bothridia and consequently more prominent lateral region of scolex. 
Text-fig. 19. Portion of sagittal section through margin of bothridium, showing bundle of 
longitudinal muscles. 

Text-fig. 20. Transverse section through neck, showing very weakly developed muscles, 
excretory vessels, lateral nerves and the cells filling a large part of the parenchyma. 
Text-fig. 21. Excretory pores in terminal segment, ventral view. 
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of movement in different directions, such as a lengthening and shortening of the 
solex and a curling over and increase in concavity of the bothridia. 

Strobila. The musculature of the strobila is very weakly developed. Superficial 
circular and longitudinal muscles are present just below the body wall. In the 
proliferating zone there are some scattered transverse, dorso-ventral and radial 
fbres, but as the reproductive organs develop the muscles seem to disappear. 





Text-figs. 22-24. Ditrachybothridium macrocephalum gen.nov., sp.nov. 


Text-fig. 22. Transverse section through almost mature segment in the testicular region, 
showing testes in centre with ring of seven yolk follicles surrounding them, excretory vessels, 
lateral nerves and cuticle-secreting cells. 

Text-fig. 23. Last segment of complete worm, dorsal view, showing reproductive system, 
excretory vessels and terminal excretory pores. 

Text-fig. 24. Reconstruction of genitalia. from left side, not fully mature. Left lobe of ovary 
omitted. 
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There is no division into cortex and medulla, but there is a deep layer of cells below 
the body wall throughout the scolex and strobila, presumably the cuticle-secreting 
cells (Text-figs. 12, 20, 22 and 25-27). The central region of most of the strobila 
is occupied by parenchyma which is denser immediately around the reproductive 
organs (Text-figs. 22, 25-27). In the proliferating zone and early part of the 
strobila there are numbers of cells in the central zone. 


Nervous system 

The nervous system is simple due to the simplicity in structure of the scolex and 
bothridia. It consists of a nerve centre or brain at the apex of the scolex, a lateral 
nerve on either side passing backwards through the scolex and into the strobila, 
bothridial nerves to the bothridia, anterior nerves to the anterior extremity and 
posterior nerves to the central zone of the scolex behind the brain (Text-figs. 1, 2), 

The brain consists of two rounded cerebral ganglia placed very near together 
immediately behind the apical organ (Text-figs. 1-3, 13). They are connected 
together near their anterior borders by a short transverse commissure. No ring 
commissure could be found. From the anterior end of each ganglion arises a dorsal 
and a ventral nerve. These four nerves pass forwards and outwards for a short 
distance when each divides into two (Text-fig. 1), an anterior nerve passing forwards 
around the apical organ and a posterior nerve passing backwards. The latter 
could only be traced for a short distance, but probably passes into the central zone 
of the scolex behind the brain. There are therefore four anterior and four posterior 
nerves supplying the anterior region of the scolex itself (Text-figs. 1, 2 and 11). 
The lateral nerves arise, one on either side, from the posterior margin of each 
ganglion and continue throughout the length of the scolex, diverging gradually 
from one another as they enter the strobila, and extend to the posterior extremity 
(Text-figs. 1, 2 and 14-18). Arising from each lateral nerve in the scolex are 
sixteen pairs of bothridial nerves supplying the bothridia. These are evenly distri- 
buted along the length of the bothridia from a short distance behind the brain 
(Text-figs. 1, 2). The dorsal and ventral nerves of each pair on either side pass 
obliquely outwards into the free lateral regions of the bothridia (Text-figs. 1, 15). 
As the scolex widens and the bothridia narrow the direction taken by the bothri- 
dial nerves alters slightly. They turn more dorsally and ventrally respectively 
until they are at right angles to the lateral nerve and finally turn still further until 
they are directed obliquely towards the middle line, thus following the curve of the 
lateral margins of the bothridia on to the dorsal and ventral surfaces of the scolex 
(Text-figs. 1, 2 and 17). Two of the bothridial nerves, numbers 13 and 14, were 
found to divide each into two branches, one to the central zone of the bothridium 
and the other to the diminishing free zone (Text-figs. 1, 2 and 17). This is the region 
where the longitudinal muscle band is best developed. Branching was not observed 
in any of the other bothridial nerves but may possibly occur. 


Excretory system 


There is a dorsal and a ventral excretory vessel on either side, extending 
throughout the scolex and strobila (Text-figs. 2, 3 and 23). The ventral vessel is 
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Text-figs. 25-27. Ditrachybothridium macrocephalum gen.nov., sp.nov. 


Text-fig. 25. Sagittal section through the centre of an almost mature segment, showing 
cirrus sac, vagina, ovary, portion of uterus, yolk follicles and testes. 

Text-fig. 26. Sagittal section through the same segment, to the right of the previous, showing 
the same structures, the oviduct arising from the median portion of the ovary and the median 
yolk duct. 

Text-fig. 27. Sagittal section through the same segment, to the right of the previous, showing 
the same structures and also the vas deferens, oviduct, yolk duct opening into oviduct, 
and origin and continuation of the uterus. 
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slightly larger in diameter than the dorsal. In the strobila the vessels are con- 
spicuous and pursue a sinuous course throughout, lying to the inner side of the 
lateral nerve and in mature segments dorsally and ventrally to most of the 
genitalia (Text-figs. 20, 22, 23 and 25-27). They are not connected with one 
another. The excretory pore is terminal (Text-fig. 23) or, due to unequal contrac- 
tion of the muscles of the body wall, may come to lie subterminally on the ventral 
surface (Text-fig. 21). As the dorsal and ventral vessels approach the end of the 
last segment, they unite to form a very short common excretory vessel on either 
side. These two short vessels then open separately into a shallow depression at the 
tip of the segment. This depression is a permanent structure around the margin 
of which the longitudinal muscles of the body wall converge to form almost a 
sucker-like structure, so that the size of the depression can be controlled. The lining 
of this shallow cavity is raised into papilliform processes around the excretory 
pores themselves (Text-fig. 21). 

The dorsal and ventral vessels extend forwards into the scolex at the posterior 
end of which they are situated. as in the strobila, to the inner side of the lateral 
nerves (Text-figs. 3, 17 and 18). Passing forwards, however, they come to lie dorsally 
and ventrally to them (Text-figs. 3, 15 and 16). Anteriorly they pass forwards 
above and below the cerebral ganglia and on either side of the apical organ the 
dorsal unites with the ventral vessel on each side, forming a loop (Text-figs. 2, 
3 and 11). There is no connexion between the vessels of the right and left sides until 
a short distance behind the cerebral ganglia. Throughout most of the scolex there 
is a complicated network of small excretory vessels uniting the two dorsal and the 
two ventral vessels respectively (Text-figs. 2, 3 and 17; Pl. V, fig. 3). This network 
is usually one layer deep, but in places may be double and there may be an anasto- 
mosis between the dorsal and ventral networks in the central zone (Text-fig. 17). 
Both vessels, on either side, are also connected with one another at frequent intervals 
by dorso-ventral branches to the inner side of the lateral nerves (Text-figs. 2, 17). 
Branches are also given off from the dorsal and ventral vessels to the bothridia 
in which they subdivide (Text-figs. 2, 3). The whole scolex, therefore, is permeated 
by a network of excretory vessels. 

There is the same fundamental simplicity and repetition in the excretory system 
as in the nervous system and musculature due to the simplicity and to the uni- 
formity of structure throughout the length of the scolex and bothridia. 





Reproductive system 


With the exception of the last segment in the longest worm the genitalia are 
not fully mature. Material for investigating the system has, therefore, been some- 
what inadequate and sectioned specimens though showing the arrangement of the 
male and female glands and their ducts does not show them in their completed form. 

The genital atrium opens in the mid-ventral line in the posterior quarter of the 
segment (Text-figs. 23, 25-27). The actual opening was not yet formed in the 
sectioned specimens (Text-figs. 25-27). 

Male genitalia. There are from fifty-two to sixty-two testes in each segment. 
The number was less in the last segment of the complete worm shown in PI. V, 
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ig. 5, and Text-fig. 23, but this seems to be an exception. They are arranged in a 
row along the centre extending from just in front of the genital atrium to the 
anterior margin (Text-fig. 23). The row may be one, two or occasionally three 
testes deep and they are confined to the area between the four excretory vessels 
(ext-figs. 22, 23 and 25). The testes are rounded or slightly oval and measure 
(060 x 0-049 to 0-068 x 0-044 mm. They are first recognizable as such at about 
one-quarter of the way down the strobila. The vas deferens is a long coiled tube 
)-014 mm. in diameter. It extends from the level of the last testis backwards in an 
undulating manner in the middle line, dorsally to the female reproductive organs, 
as far as the anterior end of the ovary (Text-figs. 23, 24, 26 and 27). Here it turns 
forwards in a narrow U-shaped right-hand bend to form the ascending limb which 
passes forwards to just behind the last testis (Text-fig. 24). It then turns ventrally 
toenter the cirrus sac. The cirrus sac occupies nearly half the depth of the segment 
and is almost at right angles to the ventral body wall, the proximal end being 
dightly anterior to the distal end (Text-figs. 23, 24 and 25-27). It measures 
0-17 mm. in length in a segment 0-341 mm. in diameter, and is pear-shaped with a 
maximum breadth, proximally, of 0-06mm. As the specimens are immature 
these measurements cannot be taken as final. The vas deferens enters the cirrus 
sac and continues as a straight tube throughout its length. There is as yet no 
apparent differentiation into cirrus, ductus ejaculatorius or receptaculum seminis 
and the cirrus sac consists mainly of an undifferentiated mass of cells. 

Female genitalia. The ovary is very slightly towards the ventral side of the 
segment and lies not far behind the genital atrium or a little more than half-way 
between the last testis and the posterior margin of the segment (Text-figs. 23, 
244 and 25-27). It is bilobed, each lobe measuring 0-136 mm. in length and 
0-073 mm. in breadth. The two lobes are joined by a short median portion (Text- 
figs. 23, 24). The oviduct arises from the ventral side of the median portion (Text- 
figs. 24, 26) and is joined shortly after its origin by the vagina. The vagina opens 
to the exterior in the mid-ventral line close behind the cirrus sac. The actual 
opening was not formed, but its position was clearly evident (Text-figs. 25, 26). 
From the external opening the vagina continues inwards for a short distance more 
or less at right angles to the ventral body wall, it then turns backwards, taking an 
undulating course towards the ovary (Text-figs. 24, 25-27). It passes between the 
right and left lobes of the ovary dorsally to the median portion and turns below 
the latter towards the ventral side of the segment (Text-figs. 24, 26). Opposite 
the origin of the oviduct it describes almost a complete circle and opens into the 
oviduct (Text-figs. 24, 25 and 26). The vagina throughout most of its length 
measures 0-117 mm. in diameter, but is wider near the external opening. At this 
stage in development the wall consists of a layer of large cells with prominent 
nuclei. Near the opening the wall is several layers thick. The oviduct, having 
received the vagina, passes postero-dorsally behind the median portion of the ovary 
to the left of and at first slightly in front of the vagina (Text-figs. 24, 27). Just 
beyond the dorsal margin of the ovary it receives on its anterior side a median 
yolk duct which comes from the ventral region of the segment passing just posterior 
to the vagina and between it and the oviduct (Text-figs. 24, 26 and 27). It could 
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only be traced for a short distance, but is presumably formed by the union of 
smaller yolk ducts from the yolk follicles. Just beyond the point where the yolk 
duct enters the oviduct is Mehlis’s gland (Text-figs. 23, 24 and 26), a spherical mags 
of cells 0-007 mm. in diameter surrounding the oviduct in this region. The uterus 
emerges from Mehlis’s gland, turns abruptly forwards and now lies dorsally to the 
rest of the female genitalia. It continues forwards (Text-figs. 24, 27), turning 
slightly ventrally to pass below the vas deferens and dorsal to the vagina. It isa 
tube measuring 0-012 mm. in diameter which is about the same as the vas deferens 
but less than the vagina. The uterus ends blindly in a fairly large mass of cells 
situated between the proximal ends of the cirrus sac and vagina (Text-figs. 24, 
25-27). There is no uterine pore. The uterus may develop into a sac or an elongated 
tube for storing eggs as the segment becomes mature and eventually gravid. 

The yolk glands are follicular and are scattered in the parenchyma around the 
remainder of the — there being up to seven or eight in a single transverse 
section (Text-figs. 22, 23). They extend from the anterior margin of the segment to 
the anterior border of the ovary, though they are not as common behind the level 
of the testes as they are in the testicular region. They measure 0-031 x 0-017 mm. 
to 0-050 x 0-025 mm., the longer axis radiating outwards from the centre of the 
segment. Each consists of a group of small cells. No yolk ducts other than the 

median yolk duct could be found. 

No eggs were available for examination and there is no indication of the life-cycle. 


Ditrachybothridium gen.nov., diagnosis 

Seolex consists of head proper and short cephalic peduncle; two oval flattened 
or spoon-shaped sessile bothridia, one dorsal and one ventral; bothridia armed 
along border and on outer convex face with rows of small, backwardly directed 
spines; cephalic peduncle unarmed, terminated by a velum; apex of scolex bluntly 
pointed and with feebly developed apical organ ; neck present ; strobila acraspedote, 
cylindrical with sides and lines of division between segments straight; posterior 
segments four or five times longer than broad; excretory pores paired, terminal, 
surrounded by a muscular depression ; brain consists of two cerebral ganglia joined 
by a short transverse commissure, a series of evenly distributed pairs of bothridial 
nerves arise from the lateral nerves in the scolex ; cirrus sac and vagina open in mid- 
ventral line in posterior quarter of segment, cirrus immediately in front of vagina; 
cirrus sac large, pyriform, occupying half the depth of the segment, vas deferens 
long and coiled ; testes 52-62, in row, 1 to 2 deep, in centre of anterior two-thirds of 
segment ; ovary bilobed, posterior ; yolk glanus inconspicuous, diffuse. surrounding 
most of remainder of genitalia as far back as anterior end of ovary ; no uterine pore; 
in spiral valve of elasmobranch fishes. 


Type species Ditrachybothridium macrocephalum gen.nov., sp.nov., with the 
characters of the genus, from the spiral valve of Raja fullonica L.., 
R. circularis Couch and Scyliorhinus caniculus (L). 


As regards its systematic position, Ditrachybothridium macrocephalum gen.nov., 
sp.nov., seems to be most closely related to the genus Echinobothrium van Beneden. 
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It resembles this genus in that the scolex consists of a head proper bearing two 
bothridia, one dorsal and one ventral, followed by a cephalic peduncle. In LF. typus 
yan Beneden (1849), EZ. musteli Pintner (1889) and EF. brachysoma Pintner (1889) the 
bothridia are armed with small spines. The shape of the segments is similar to that 
described by Southwell (1925) for L. boissii (=E. typus van Beneden), namely, 
‘first much broader than long, becoming square, then cylindrical. The sides and 
division lines of the segments are perfectly straight.’ The musculature of the strobila 
is very weakly developed in both genera. The genital pore is in the mid-ventral 
line in the posterior part of the segment. The cirrus sac is large and the vas 
deferens a long tube either bent on itself or convoluted. The arrangement of the 
testes is the same, there being two parallel rows in the centre of the anterior two- 
thirds of the segment. The vagina opens immediately behind the cirrus and in 
RE. mathiasi Euzet (1951) the terminal part, as in Ditrachybothridium macrocephalum., 
is pyriform. The ovary is posterior and bilobed and there is no uterine pore. The 
uterus in Echinobothrium may be sacciform or tubular and presumably will take 
one of these forms in the gravid segments of the present species. The yolk glands 
are diffuse and inconspicuous and consist in both of rosette-shaped groups of cells. 
The worms occur in the spiral valve of elasmobranch fishes. EZ. typus van Beneden 
and E. affine Diesing have been recorded from Raja fullonica, one of the hosts in 
which Ditrachybothridium macrocephalum is found. 

The differences between Ditrachybothridium and Echinobothrium are less 
numerous. The cephalic peduncle is unarmed in the former, but armed in the latter 
with very characteristic spines and there are two groups of prominent spines at the 
apex of the scolex. These are the two most distinctive features of the genus Echino- 
hothrium. Most of the species of Echinobothrium are small, measuring up to 6 mm. 
in length, although LZ. longicolle Southwell (1925) measures up to 20-30 mm. There 
are fewer testes in Echinobothrium, the largest number of about 25 to 30 being found 
in E. mathiasi Euzet (1951) and EZ. longicolle. These latter are, however, minor 
differences. The greatest differences occur in the details of the scolex and the 
greatest similarities in the arrangement of the genitalia. 

The seven species of Echinobothrium constitute the order Diphyllidea Carus, 
an order which is recognized by many helminthologists but not by all. Southwell 
(1925) created an order, the Heterophyllidea, to include Echinobothrium and four 
other genera which he characterized as follows: ‘ Head very variable in appearance, 
it does not bear either four suckers, four bothridia, four proboscides or two bothria.’ 
Wardle & McLeod (1952) grouped Echinobothrium with eight other genera inqui- 
renda which cannot be fitted with ease into the orders Tetraphyllidea, Lecani- 
cephala or Disculiceptidea, though they seem to have some affinities for these orders. 
So the fate of Echinobothrium and consequently of the order Diphyllidea is not 
fully determined, but whatever the outcome Ditrachybothridium should stand 
somewhere near the genus Echinobothrium. 

If the order Diphyllidea is to remain and if it is to include Ditrachybothridium 
the definition of the order will need to be amended to something like the following: 
cestodes in which the scolex is formed of a head proper and a cephalic peduncle. 
The scolex is provided with two foliaceous or spoon-shaped bothridia, one dorsal 
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and one ventral, usually armed with small spines and sometimes divided each into 
two by a median longitudinal ridge. The apex of the scolex may bear an insignificant 
unarmed apical organ or a large rostellum bearing dorsal and ventral groups of 
hooks. The cephalic peduncle may be short and unarmed or long and armed with 
several longitudinal rows of large T-shaped hooks with their points directed back. 
wards. The strobila is cylindrical, acraspedote and weakly muscular, the posterior 
segments are longer than broad. The genital pore is mid-ventral in the posterior 
part of the segment. The testes are in a row | to 2 deep in the centre of the anterior 
half or so of the segment. The bilobed ovary is posterior and the yolk glands lateral 
or surrounding the rest of the genitalia in the region in front of the ovary. No uterine 
pore, uterus tubular or sacciform. Adults in the intestine of elasmobranch fishes, 

In the distribution of the yolk glands Ditrachybothridium macrocephalum more 
nearly resembles the Tetrarhynchidea and the Pseudophyllidea, where the yolk 
glands are in the cortical parenchyma surrounding all the other organs. The 
Tetrarhynchidea are parasites of Selachians, and in Nybelinia and Tentacularia 
it is interesting to note that the genital atrium is displaced on to the ventral surface, 
The genital atrium is often on the ventral surface in the Pseudophyllidea and the 
scolex, with its dorsal and ventral bothria, bears a superficial resemblance to that 
of Ditrachybothridium macrocephalum. 

D. macrocephalum is evidently one of those forms which does not fit precisely 
into any existing order. 


SUMMARY 


1. Ditrachybothridium macrocephalum gen.nov., sp.nov., is described. 
2. The systematic position is discussed and the species compared with species 
of the genus Echinobothrium to which it seems to be fairly closely related. 


I should like to express my thanks to Mr S. Prudhoe, of the British Museum 
(Natural History), for having examined the present specimens and for his comments 
on them. 
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EXPLANATION OF PLATE V 
(Photomicrographs by D. Hemingway Jones, B.Sc., to whom I am most grateful.) 
Ditrachybothridium macrocephalum gen.nov., sp.nov. 


Fig. 1. Entire worm. 

Fig. 2. Scolex, dorsal or ventral view, showing spines along margin of bothridium. 

Fig. 3. Contracted scolex, showing some of the excretory vessels. 

Fig. 4. Last segment of complete worm (fig. 1), showing testes and immature female 
genitalia. 

Fig. 5. Last segment of another complete worm, showing mature genitalia (see Text-fig. 23). 
Fig. 6. Vertical section through wall of spiral valve of Raja fullonica to show villi. 


KEY TO LETTERING OF FIGURES 


(All drawings are semi-diagrammatic) 


al. anterior loop of excretory vessel m.g. Mehlis’s gland 
an. anterior nerve n. neck 
4.0. apical organ ov. ovary 
b bothridium ovd. oviduct 
bn.  bothridial nerve p. parenchyma 
CC. cuticle-secreting cells p.jr. posterior nerve 
c.g. cerebral ganglion rem. radial muscles 
C.8. cirrus sac 8. scolex 
Cu. cuticle sp. spine 
dev. dorsal excretory vessel t. testis 
dv.m. dorso-ventral muscles t.m. transverse muscles 
eng excretory network in scolex ut. uterus 
es excretory pore v. velum 
q.p. genital pore v.e.v. ventral excretory vessel 
lm. longitudinal muscles vag. vagina 
Ln. lateral nerve v.d, vas deferens 
md. muscular depression around excre-_ vit. yolk follicle 
tory pores vit.d. yolk duct 


(MS. received for publication 30. 1v. 1958—Ed.) 
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MORPHOLOGICAL AND TAXONOMIC STUDIES ON 
MAMMALIAN TRYPANOSOMES 
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I. INTRODUCTION 

Although members of the Congolense group are the most important pathogenic 
trypanosomes affecting domestic animals in tropical Africa, there is still some un- 
certainty regarding the number of species belonging to this group. If we disregard 
those names which are undoubtedly svnonyms of other species (e.g. Trypanosoma 
nanum, T. pecorum, T. suis, ete.), there remain two species which are generally 
recognized as the only valid representatives of this group, viz. T'. congolense and 
T. simiae. However, while the diagnostic features of the latter are now well 
defined (Hoare, 1936a, b, 1957: Culwick & Fairbairn, 1947), there are considerable 
morphological and biological differences among various strains attributed to 
T. congolense. 

Such strains vary in their host-parasite relations (including range of hosts) and 
virulence, as well as in clinical manifestations, while in a number of cases it has 
been shown that the morphology of the trypanosomes does not conform to that of 
typical 7’. congolense. It is therefore conceivable that the diversity in the bio- 
logical characters of some strains is correlated with morphological differences. If 
this were proved, exact criteria would be available for the differential parasito- 
logical diagnosis of infections caused by distinct strains of congolense-like trypano- 
somes and for their taxonomic treatment, which are matters of practical importance 
for the elucidation of animal trypanosomiases in Africa. 

In this connexion it should be noted that from time to time there have appeared 
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reports of the presence, in some strains, of trypanosomes which were considerably 
longer than those of typical 7’. congolense (cf. Hoof, 1924; Hoof, Henrard & 
Peel, 1948; Schwetz, 1931, 1938; Hoare, 1958), and resembled 7’. dimorphon 
Laveran & Mesnil, 1904. As the latter species has never been adequately described, 
its name was frequently misused, and has gradually passed out of circulation, so 
that at present no one recognizes the independence of 7’. dimorphon, which is 
regarded merely as a synonym of 7’. congolense. However, in view of the reported 
existence of strains apparently conforming to 7’. dimorphon—which have also been 
encountered by me—it would seem that the merging of this species in 7’. congo- 
lense might have been premature. 

This question could, of course, be settled by a comparative study of diverse 
strains of congolense-like trypanosomes, but unfortunately (as will be shown below) 
in the case of 7’. dimorphon no exact criteria are available for its identification. The 
only alternative would be to make a revision of this species on the basis of the 
original material studied by Laveran and Mesnil. Although it seemed highly 
improbable that this material was still available and in a suitable condition for a 
morphological investigation, 1 approached Professor E. Roubaud, of Institut 
Pasteur, Paris, on this matter. He responded immediately, by kindly placing at 
my disposal the collection of original films made by Laveran and Mesnil during the 
frst decade of this century. On examination of these preparations I found, to my 
great surprise, that many of the films were in an excellent state of preservation, 
showing perfectly stained trypanosomes. In fact, their appearance in preparations 
made half a century ago compares favourably with that of trypanosomes in well- 
stained recent slides. Thus, through the courtesy of Professor Roubaud and thanks 
to the faultless technique of Laveran and Mesnil, I was able to undertake a 
revision of 7’. dimorphon based on the type material. 


Il. HISTORY 


Before proceeding with the revised description of 7’. dimorphon, it is necessary to 
clear up some misconceptions about this species that have prevailed for many years, 
until eventually this name was suppressed. It should be noted, however, that there 
were no convincing objective grounds for its abolition: it was rather an act of 
desperation in face of the existing confusion regarding the identity and nomen- 
clature of this species, which hitherto remained unsolved. 

Since the present paper is devoted to the strain of 7’. dimorphon described by 
Laveran and Mesnil, it is essential that its relation to other trypanosomes attri- 
buted to this species should be clearly defined. With this end in view, I have 
consulted the literature—especially the earlier publications—on these trypano- 
somes, and found these works so full of discrepancies, misinterpretations and mis- 
statements, that it seemed almost impossible to disentangle the resulting confusion. 
However, a critical perusal of the original papers—interpreted in the light of our 
present knowledge of pathogenic African trypanosomes—has enabled me to reduce 
some order the chaotic state into which 7’. dimorphon has fallen, as will be seen 
from the brief outline of its history, which follows. 

14-2 
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The trypanosome in question was first recorded by Dutton & Todd (1903) from 
horses in Gambia. Under the name ‘The Gambian Horse Trypanosome’, they 
gave a composite description of the parasites found in ten horses, which were said 
to comprise the following three types: (a) a very small ‘tadpole-shaped’ form, 
measuring 11-13 y in length and possessing a short free flagellum; (b) a long form, 
measuring 26-30 y in length and possessing a long free flagellum; and (c) a short 
stumpy form, 16-19 w long, with a very short free flagellum. All these forms of 
what appeared to be a polymorphic trypanosome were regarded by the authors as 
belonging to one (unnamed) species. However, from the description and the 
accompanying figures, there can be no doubt that Dutton and Todd were dealing 
with a mixed infection, consisting of a congolense-like trypanosome (their ‘tadpole- 
shaped’ forms) and 7’. brucei. And indeed, the authors themselves likened the 
‘long’ and ‘stumpy’ forms to 7’. gambiense. This was also the view held by Bruce, 
Hamerton, Bateman, Mackie & Bruce (19106), Laveran & Mesnil (1912) and 
Bruce (1914), while Yorke (1914) suggested that, in Dutton and Todd’s cases, 
T. congolense was accompanied by 7’. vivax, because previously Yorke & Blacklock 
(1911) found a mixed infection of these trypanosomes in a Gambian horse. 

A strain of Dutton and Todd’s equine trypanosome was sent to the Liverpool 
School of Tropical Medicine, from which an infected rat was supplied to Laveran 
and Mesnil, at the Institut Pasteur of Paris. This strain was studied by them and 
described as 7’. dimorphon (Laveran & Mesnil, 1904a), representing a dimorphic 
trypanosome of the congolense type, devoid of a free flagellum. The publication of 
Laveran and Mesnil’s paper was the starting-point of all the controversy in the 
literature concerning this trypanosome, since the descriptions given by Dutton and 
Todd, on the one hand, and by Laveran and Mesnil, on the other, differed in 
important points. This discrepancy was further aggravated by the fact that the 
name 7’. dimorphon was applied by many writers indiscriminately to the trypano- 
somes described both by the British and French authors. Actually there is no 
evidence in the paper by Dutton & Todd (1903) that they had ever called it 
otherwise than ‘The Gambian Horse Trypanosome’, though, according to Laveran 
& Mesnil (1904a, 1912), it would seem that Dutton and Todd did suggest the name 
T. dimorphon to their collaborator, Dr H. E. Annett. He mentioned it in a letter 
to one of the French authors, who adopted it for the trypanosome described by 
them, and even credited it to Dutton and Todd (Laveran & Mesnil, 1904a, 6). 
Whatever the case may be, since the name 7’. dimorphon was first published by 
Laveran and Mesnil, according to the Rules of Zoological Nomenclature it should 
be attributed to them. The amendment to that effect was actually made in the 
second edition of their monograph (Laveran & Mesnil, 1912). 

The cause of the discrepancy in the descriptions of the Gambian trypanosome is 
explained in a memoir by Thomas & Breinl (1905), from which it is evident that 
the strain, studied by them in Liverpool and by Laveran and Mesnil in Paris, 
originated from a single horse (viz. Dutton and Todd’s Case VI) sent to them 
from Gambia. They state that: ‘In no single instance has the long form, described 
by Dutton and Todd and possessing...a long flagellum, been seen; in this we 
are in accord with Laveran and Mesnil.’ Further information was provided by 
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Yontgomery & Kinghorn (1909a), according to whom Dutton and Todd were 
dealing with two distinct trypanosomes in Gambian horses: one of them was poly- 
morphic (as described by Dutton & Todd, 1903, chiefly from their Case I), and ‘was 
never employed in Europe’, while the other, which had the characters described by 
Laveran and Mesnil for their 7’. dimorphon, originated from Dutton and Todd’s 
(ase VI. These facts were later confirmed by Laveran & Mesnil (1912). However, 
Montgomery and Kinghorn recognized the independence of both Dutton and 
Todd’s ‘Gambian Horse Trypanosome’ (from Case I), for which they reserved the 
name 7’. dimorphon (sensu Dutton & Todd, 1903), and of Laveran and Mesnil’s 
trypanosome (from Dutton and Todd’s Case VI), for which they proposed the new 
name 7’. confusum. But, as rightly pointed out by Mesnil (1909) and by Laveran & 
Mesnil (1912), there was no justification for these changes, first because by priority 
the name 7’. dimorphon should be retained for the species described by Laveran 
and Mesnil, secondly because the name 7’. confusum was preoccupied by an avian 
trypanosome (Liihe, 1906). 

From the foregoing account it is seen that the identity of 7’. dimorphon had been 
fairly well established, in contrast to that of Dutton and Todd’s ‘Gambian Horse 
Trypanosome’, which represented a mixture of 7’. brucei and a congolense-like 
trypanosome. Nevertheless, Dutton and Todd’s description of a distinct poly- 
morphic trypanosome continued to be accepted by many authors, who reported 
the occurrence of so-called ‘7’. dimorphon’ in strains with the combined characters 
of a congolense-like form and long trypanosomes with a pronounced free flagellum, 
which obviously belonged to other species. Thus, Dutton, Todd & Kinghorn (1907) 
recorded the finding, in various ungulates from the Congo, of what was evidently 
amixed infection of the small trypanosome and 7’. vivax. From the description 
and figures of strains from Rhodesian ruminants, given by Montgomery & King- 
horn (1908, 19096), it is evident that they were also dealing with mixed infections, 
the concomitant species in cattle being 7’. brucei and that in sheep, 7’. vivaz. 
Similarly, as already noted by Donizio (1921), the trypanosomes described by 
Martoglio (1911) from livestock in Italian Somaliland, under the names 7’. somali- 
lense (= somaliense) and 7’. cellii, also represented mixed infections with 7’. bruce. 
lastly, in some cases the name 7’. dimorphon was apparently given to pure 
infections with 7’. brucei (Balfour, 1906, 1909; Kopke, 1908; Mendes, Mora, 
Monteiro & Bruto da Costa, 1909). It is also interesting to note that Kinghorn, 
Yorke & Lloyd (1913) described from a bushbuck a new species, 7'. multiforme, 
which was unmistakably a mixed infection with trypanosomes corresponding to 
the three forms seen by Dutton and Todd. 

The question now arises whether the ‘tadpole’ forms present among Dutton 
and Todd’s ‘polymorphic’ equine trypanosomes represented 7’. dimorphon (sensu 
laveran & Mesnil, 1904a) or 7’. congolense. Unfortunately it is impossible to 
determine their identity, for trypanosomes conforming to these forms in structure 
and size are common to both species. The same uncertainty applies to mixed 
infections attributed to 7’. dimorphon by other authors. 
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II. ORIGINAL DESCRIPTION 


The historical review given above served to establish the identity of 7’. dimorphon 
as a strain isolated in 1903 from a single Gambian horse (Dutton and Todd's 
Case VI) and studied by Laveran & Mesnil (1904a). It was also demonstrated that 
the status of the other equine strains observed in Gambia, representing mixed 
infections of 7’. brucei with undetermined trypanosomes of the Congolense group, 
remains uncertain. As far as 7’. dimorphon is concerned, therefore, those strains 
can be ignored, leaving only the species described and named by the French 
workers for further consideration. Since the present study is based on Laveran 
and Mesnil’s original material, and in order to appreciate the points in which my 
revised description differs from or amplifies Laveran and Mesnil’s account, it will 
be necessary first to summarize the data concerning 7. dimorphon recorded in 
their publications. 

According to Laveran & Mesnil (1904a, b, 1912), 7’. dimorphon is represented by 
trypanosomes varying in size and comprising two distinct forms: (a) short ones, 
measuring 10-15, in length, and () long ones, the average length of which is 22, 
but may reach 25. In the short forms the posterior end of the body is rounded, 
while in the long ones it is typically pointed or conically truncated, but may also 
be rounded. In both forms the undulating membrane is never well developed, 
though it is somewhat more pronounced in the long ones. None of these trypano- 
somes has a free flagellum, and its absence was regarded as a constant character- 
istic of this species. Although the two forms are said to be connected by inter- 
mediate ones, the short one was not regarded as a young stage of the long one, 
because stages of division were observed in both. The appearance of the trypano- 
somes—conforming to the above description—is depicted in a series of figures 
drawn by Laveran. In their monograph, Laveran & Mesnil (1912) placed 7’. di- 
morphon together with 7’. congolense, T. pecorum and T. nanum, as a natural 
assembly corresponding to the present Congolense group. As is known, however, 
the differential characters, which at that time separated the last three species 
(especially lack of cross-immunity between the respective infections), were later 
invalidated, with the result that 7’. pecorwm and 7’. nanum were merged in 7’. con- 
golense as synonyms. According to Laveran and Mesnil, the other species (now 
T. congolense) differ from 7’. dimorphon in the complete absence of long forms 
measuring upwards of 22 in length. But, since in some infections with 7’. di- 
morphon long forms are rare and because 7’. congolense closely resembles the short 
forms of the latter species, 7’. dimorphon may sometimes be mistaken for 
T.. congolense. 

The effect of infections attributed to 7’. dimorphon upon its hosts was described 
by a number of authors, but—for reasons already stated—the only reliable data on 
the host-parasite relationship of this trypanosome are those that concern the 
strain isolated from Dutton and Todd’s Case VI. From the accounts given by 
Dutton & Todd (1903) and Thomas & Breinl (1905) it is seen that the horse in 
question was under observation—in Gambia and England—for about 2} years, 
during which a chronic infection persisted without any serious clinical mati- 
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festations attributable to trypanosomiasis. Similarly, in a horse inoculated with 
T. dimorphon by Laveran & Mesnil (1912) the course of infection was chronic, 
persisting for 7 months, without the animal’s health being affected, and termi- 
nating in spontaneous recovery. In two goats infected by the same observers the 
results were variable: in one the infection was acute, terminating fatally within a 
fortnight, whereas in the other the course was chronic, lasting about 2 years before 
the animal died. Sheep infected by Laveran recovered, but a sheep infected by 
Thomas & Breinl (1905) died after 21 weeks. According to the last-named authors 
and Laveran & Mesnil (1912), in experimentally infected dogs the disease runs an 
acute and rapidly fatal course. Lastly, laboratory rodents used by the French and 
British workers proved to be highly susceptible to infection, the course of which 
may be acute or chronic. 

From a comparison of the virulence of 7’. dimorphon and T. congolense, Laveran 
& Mesnil (1912) concluded that the former species produced a more acute infection 
in rodents and a more severe disease in sheep and goats than the latter species. 
Moreover, Thomas & Brein] (1905) have shown that 7’. dimorphon was infective to 
baboons (Cynocephalus [= Papio] sphinx), which are known to be refractory to 
T. congolense and other trypanosomes. 

Laveran & Mesnil (1912) believed that 7’. dimorphon has a very wide geo- 
graphical distribution throughout tropical Africa: in fact, they regarded it as 
one of the most common pathogenic trypanosomes in that continent. However, 
since the records quoted by them include many strains of doubtful identity, this 
conclusion cannot be accepted unreservedly. 


IV. MATERIAL 


4s mentioned before, the material for the present revision consisted of the original 
preparations made by Laveran and Mesnil, which were kindly placed at my 
disposal by Professor E. Roubaud. This collection contains over forty blood films, 
stained by one of the Romanovsky methods. Among them there were only about 
a dozen slides in which the trypanosomes—though recognizable—were too faded 
fora morphological study, but in about 50° the staining was in a perfect state 
of preservation. In addition to these preparations, I examined a film with this 
trypanosome from the collection of the late Dr C. M. Wenyon. 

The blood films in question were taken from various animals in which the strain 
was maintained in Paris from 1903 to 1909. Particulars about the different 
passages are given on the labels attached to the slides, while further information 
about some of them was traced by me in Laveran and Mesnil’s publications. The 
present study was therefore based on the type material of 7’. dimorphon, comprising 
samples used by these authors up to 1904 (when they first described this species) 
and those from subsequent passages of the same strain. Since these authors did 
not designate the sample containing the type specimens, the material used for the 
revised description is based on the examination of syntypes, which are equivalent 
to holotypes (cf. Frizzell, 1933). 

The present study was restricted to the earlier years (1903-7) of the life of this 
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strain, and a selection was made of the best preparations, representing samples 
taken from different passages, particulars of which are given below. 


Material used in present work 


No Sample Slide labelled 

1 A ‘Rat 1: 15 Nov. 1903’ 
2 B ‘Rat 1: 19 Nov. 1903’ 
3 C ‘Rat 1: 20 Nov. 1903° 
4 D ‘Rat 3: 25 Nov. 1903’ 
5 E ‘Mouse 3: 5 Dec. 1903’ 
6 F ‘Mouse 3: 8 Jan. 1904’ 
7 G ‘Goat A: 6 Jan. 1904’ 
8 H ‘Goat B: 6 Jan. 1904’ 
9 J ‘Mouse 2:.19 Apr. 1904’ 
10 K ‘Mouse: 22 Apr. 1906’ 
11 L ‘Mouse 104: Nov. 1907’ 


Remarks. According to Laveran & Mesnil (1912), the strain of 7’. dimorphon studied by them 
was received from Liverpool at the end of 1903, in a rat infected with trypanosomes isolated 
from a horse (Dutton and Todd’s Case VI). Presumably, therefore, ‘Rat 1’ (= samples 4, 
B, C) was actually the animal in question, representing the Ist passage from the original host. 
The infections in goats (= samples G, H) are fully described by Laveran & Mesnil (1904a, 
1912, pp. 601-2). Sample K is a film made by Dr Wenyon from the same strain in 1906, 
while working at the Institut Pasteur, Paris. 


V. REVISED DESCRIPTION 
(a) The problem 


One of the reasons why 7’. dimorphon was suppressed and absorbed by 7’. congo- 
lense was the incomplete description given by Laveran & Mesnil (1904a, b; 1912), 
who did not provide all the necessary data for its exact identification and dif- 
ferentiation from the other species of the Congolense group. The diagnosis of these 
closely related species presents many difficulties, because, on the one hand, the 
trypanosomes in question have a number of morphological features in common, 
and, on the other, the characters distinguishing them may be absent in some of the 
random samples examined. However, in the case of 7’. simiae which is sufficiently 
well defined, this difficulty can be overcome by examination of samples taken at 
different phases of the infection, some of which usually reveal all the typical 
forms. 

The main distinguishing characteristic of 7’. dimorphon, according to Laveran 
and Mesnil, is its dimorphism, expressed in the presence of (a) short forms which 
are indistinguishable from typical 7’. congolense, and (b) long ones exceeding the 
length of any trypanosomes encountered in the latter species (for measurements 
see p. 214). However, these authors gave no indication of the number of trypano- 
somes measured by them, of their length distribution and means, or of variation 
between samples. Nor did they produce any objective evidence of the alleged 
dimorphism of the species in question. Without these particulars, Laveran and 
Mesnil’s data are too meagre to be of any diagnostic or statistical value. 

The object of the present revision was, accordingly, to verify and amplify the 
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original description of 7’. dimorphon, in order to provide all the mensural and 
morphological data for determining its status and its relation to other members of 
the Congolense group. 
(b) Biometry 

In order to determine the exact measurements of 7'. dimorphon, I have carried 
out a biometrical investigation of the eleven samples of the strain listed above. 
As in my previous papers, the length of the trypanosomes was measured by 
drawing (with the aid of a camera lucida at x 2500) a line running through the 
middle of the body of each trypanosome, from one end of the body to the other, 
and measuring this line with a divider set at 0-05in. (= ca. 0-54 x 2500). An 
attempt was also made to ascertain, by the method devised by Fairbairn, Culwick 
and Willett (described by Hoare, 1956), whether the length distributions of 
T.dimorphon could be resolved into distinct curves corresponding to the two forms 
described by Laveran and Mesnil, thereby settling the question of its alleged 
dimorphism. However, examination of the numerous trypanosomes measured by 
me did not reveal any clear-cut morphological differences by which the two forms 
could be separated into distinct groups. It was therefore impossible to classify 
each trypanosome individually, as in the case of the polymorphic trypanosomes 
of the Brucei group (cf. Hoare, 1956). Nevertheless, in all the trypanosomes 
measured by me certain structural details were noted, in case they might be cor- 
related with differences in body-length. 


Table 1. Frequency distribution of lengths and statistical constants of 11 samples 
of Trypanosoma dimorphon 


Length (1) Mean 
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The statistical data for the measurements of the lengths of trypanosomes in the eleven 
samples of 7’. dimorphon are given in Table 1, while in Fig. 1 they are represented graphically 
by the Dice-Leraas-Davis method (cf. Hoare, 1956). In this chart the range of lengths is 
shown by horizontal lines and the means are indicated by cross-bars. On either side of the 
mean, the limits of the black rectangles correspond to the standard deviation of the series (7), 
those of the white rectangles to twice the standard deviation of the mean (20). The statistical 
significance of the difference between the means of the samples is assessed by the degree of 
overlap or separation of the corresponding rectangles. Thus, when the white rectangles of two 
samples just do not overlap (i.e. meet end to end), the probability that they are samples of the 
Same population is (a) only 0-02, provided that the standard deviations are the same and the 
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samples are of equal size (more than thirty individuals), and (b) not more than 0-05, if the 
standard deviation of one is smaller than that of the other, or the samples are of different 
sizes. Therefore if—in any set of samples compared— the white rectangles do not overlap, there 
is reasonable probability that the differences in the measurements are statistically significant, 
their significance increasing with the distance between these rectangles. The significance of the 
difference between two samples is still greater when the black rectangles neither overlap nor 
are separated (indicating that 84°, of the specimens in such samples would be separable): in 
such cases the difference between the corresponding populations can be regarded as being of 
subspecifie order. “ 


In Fig. | the samples are arranged in chronological order of the animal passages 
through which the strain was maintained in the course of four years (1903-7), 
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Fig. 1. T. dimorphon. Variation in length of eleven samples (A—L, ef. Table 1). Range of 
lengths is shown by horizontal lines, means by cross-bars; on either side of the mean, black 
rectangles represent standard deviation of the series (+) and white rectangles represent twice 
the standard deviation of the mean (2¢,,). 


It can be seen at a glance that during that time the mean lengths of the trypano- 
somes, in samples examined at different periods, varied considerably, the variation 
being particularly demonstrable when the samples are compared in the ascending 
order of their means, viz. L = 14-4, G=15:3, H=15-8, K=15-9, F = 161, 
A = 16-4, J and EF = 16-5, B= 16-9, C = 17-5, D = 17-6. In this series the means 
show a gradation from 14-4 at one end to 17-6 at the other, the difference 
between these extremes—when assessed on the basis of the degree of separation 
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between the white rectangles—being statistically highly significant. In considering 
the possible factors responsible for this wide variation, one might suspect the 
influence of the host upon the size of the trypanosomes. However, it is evident 
from the chart that samples from the same host-species differ as much as those 
from diverse hosts. Thus, the means for trypanosomes from individual mice 
(L, K, F, E, J) vary from 14-4 to 16-5, while those from goats (@ = 15-3, 
H = 15-8) fall within the same range. As regards the trypanosomes from rats 
(4-D), though the upper limit of their means (17-6) is higher than in the other 
animals, the lower limit (16-4) is also within the range of the trypanosomes from 
mice. The most striking example of variation is encountered in samples A and C, 
in which the difference between the means (16-4 and 17-5 respectively) is statistic- 
ally highly significant, in spite of the fact that they were taken at an interval of 
only 5 days from one and the same host (Rat 1). 
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Fig. 2. 1. dimorphon. Length distribution for the total (= 1200) measurements 
in eleven samples. 


From these results it is evident that the length of 7’. dimorphon varies consider- 
ably from sample to sample, the difference in the mean length between some 
samples being statistically significant. Hence it follows that the measurement of 
arandom sample does not necessarily provide constant quantitative criteria for 
its specific identification. It may even be misleading, as in the case of sample L, 
in which the dimensions of the trypanosomes correspond so closely to those of 
T. congolense (see Table 4, p. 226) that it could easily be mistaken for that species. 
However, a true mensural characteristic of 7’. dimorphon can be arrived at by 
pooling and plotting the lengths of all the samples, thereby smoothing out the 
differences between them. The result of this operation is given in Fig. 2, repre- 
senting a curve for the grand total of 1200 counts, which shows a normal length 
distribution, with a range from 11 to 24, and mode = 17 (mean = 16-2: see 
Table 1). 

We now turn to the question of dimorphism in 7’. dimorphon, which—as stated 
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above—could not be determined on purely morphological grounds. However, it 
was thought that dimorphism—if present—might be revealed in curves showing 
the frequency distribution of lengths in the eleven samples measured. When these 
were plotted, it was found that in the case of some samples (cf. Table 1 and Fig. 3) 
the curves appeared to be bimodal. In order to ascertain whether this diversity 
was due to dimorphism of the trypanosomes, my friend Dr J. C. Broom has 
kindly carried out a statistical analysis of my data, and writes as follows: 


From the means and standard deviations obtained from the measurements (Table 1), 
calculations were made for each sample of the frequency distributions that would be expected 
if the samples were drawn from populations—with these parameters—in which the lengths are 
normally distributed. The observed and expected distributions were compared by means of 
the yx? test, and the probability (P) that the differences between the distributions could arise 
as the result of chance are shown in Table 2. 


Table 2. Probability that samples of Trypanosoma dimorphon 
are derived from normally distributed populations 


Sample a Sample a 
A 0-2 G > 0-05 
B 0-1 H 0-1 
Cc 0-02 J 0-01 
D 0-3 K 0-9 
E 0-8 L 0-4 
F 0-3 


When P = 0-01, differences as great or greater could be expected in 1 of 100 tests, and 
when P < 0-01, the differences are regarded as being statistically significant, i.e. that they are 
unlikely to be the result of chance. On this criterion it may be assumed that sample J 
(P = 0-01) was not drawn from a normally distributed population, while sample C (P = 0-02) 
may be regarded as a borderline case. A similar problem, encountered in the case of 7’. evansi, 
was subjected to statistical analysis by Trevan (‘Appendix’ in Hoare, 1956), who reached the 
conclusion that some at least of the samples of morphologically indistinguishable forms com- 
prised individuals derived from more than one normally distributed population. He considered 
that probably physiological factors were responsible for the differences and suggested that the 
heterogeneity might be due to the presence of crops of trypanosomes of different ages. It 
seems not unreasonable to postulate that the divergences from normal distributions observed 
in the present series are due to similar factors, and this hypothesis is particularly plausible in 
the case of sample C, which was taken from the same rat which provided samples A and B 
on earlier days (see Fig. 3). 


From Dr Broom’s analysis it is seen that the great majority of samples (nine 
out of eleven) represent homogeneous populations with normal length distri- 
butions, only two providing evidence of a certain degree of heterogeneity. The 
weight of evidence is therefore against any dimorphism of 7’. dimorphon, which 
can be regarded as a monomorphic species. 


(c) Morphology 

The morphology of 7’. dimorphon was studied in the 1200 specimens measured 
for statistical purposes, in each of which the following features were specially 
recorded : (a) existence of a free flagellum, (b) shape of posterior end of the body, 
(c) position of the nucleus, (d) position of the kinetoplast. 
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In general, the structure of 7’. dimorphon conforms to the pattern seen in other 
members of the Congolense group, especially 7’. congolense, from which it differs 
mainly in its greater length (Fig. 4). One of the characteristic features of the 


.fagellum is its relation to the kinetoplast. While in the longer forms the intra- 


cytoplasmic portion of the axoneme usually starts in front of the kinetoplast 
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Fig. 3. T. dimorphon. Length distributions in three samples (A, B, C) from rat 1. 


(Fig. 4, h, 7, -s), in many of the shorter ones it arises somewhat behind the kineto- 
plast (Fig. 4, a-f, i, k). The latter arrangement seems to be peculiar to this group 
of trypanosomes. The flagellum terminates at the anterior end of the body without 
projecting beyond it: there is thus no free flagellum in 7’. dimorphon. The body is 
slender, its undulating membrane is weakly developed and is not thrown into 
conspicuous folds. The posterior end of the body is either rounded (Fig. 4, a—c, e-) 
or drawn out (Fig. 4, d, —o, gs), in the latter case being usually obtusely pointed 
or somewhat truncated. In order to ascertain whether its shape is correlated with 
the size of the trypanosomes, the percentages of forms with rounded and pointed 
ends were plotted against the lengths of the trypanosomes. The result is shown in 
two curves (Fig. 5, PEr, PEp), which indicate a definite tendency for the posterior 
end to be drawn out as the trypanosomes increase in length. The position of the 
nucleus was determined by the distance of its centre from the anterior and posterior 
ends of the body. If the distance from both ends was equal, the nucleus was 
regarded as being in the middle; if it was nearer to one of the ends, it was taken to 
be in the corresponding part of the body. According to this criterion, the nucleus 
of T. dimorphon usually lies in the middle or in the posterior part of the body. 
There is no correlation between its position and the length of the body in trypano- 
somes shorter than 13, but in the longer forms (Fig. 5, Np, Nm) the nucleus tends 
to shift backwards as the length of the trypanosomes increases. 

However (as seen from the curves in Fig. 5) there is a gradual transition from 
trypanosomes with rounded to those with pointed ends, on the one hand, and from 
those with nuclei in the middle and posterior parts of the body, on the other. 
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Therefore, as already stated, these characters cannot serve to separate the 
trypanosomes into two groups, corresponding to the short and long forms described 
by Laveran & Mesnil (1904a, 1912), and they provide no evidence of dimorphism 
in 7’. dimorphon. 

As in other congolense-like trypanosomes, the kinetoplast of 7’. dimorphon is of 
medium size, viz. larger than in the Brucei group and smaller than in the Vivaz 
group (cf. Hoare, 1957). Its position in the body varies in different samples (Fig.4): 
in a small minority (1-5 °%) it is terminal, but in the great majority (95-99 %) it is 






ioe q 


Fig. 4. 7’. dimorphon. a-s: trypanosomes arranged in ascending order of lengths; 
t, u: dividing forms. (Camera lucida drawings, at x 2000.) 


subterminal, being situated at a distance up to 3 from the posterior end. More- 
over, most of the subterminal kinetoplasts (54-100 °/,) occupy a marginal position, 
at the edge of the body. There appears to be no correlation between the position 
of the kinetoplast and the length of the body, though in long trypanosomes with 
a pointed posterior end it is more frequently situated further from this end than 
in short forms. Multiplication apparently takes place chiefly among the larger 
flagellates (Fig. 4, ¢, w), for among 100 dividing trypanosomes observed in the 
course of this study 90°/, were long forms and only 10° were short. 

Diagnosis. From the preceding biometrical and morphological study, the 
diagnostic characters of 7’. dimorphon can be summarized as follows. In general, 
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this species is represented by trypanosomes measuring from 11 to 24, in length, 
vith a mean of 16-2, but there is considerable variation in the mean lengths of 
diferent populations (14-4-17-6 ~), even in samples taken at various intervals from 
the same individual host. The body of the trypanosomes is slender, its undulating 
membrane is not pronounced, and there is no free flagellum. The posterior end of 
the body is rounded (chiefly in short forms) or pointed (chiefly in long forms), 
ghile the nucleus lies in the middle or in the posterior part of the body. The kineto- 
plast is fairly large, and is typically subterminal and marginal. Although certain 
characters seem to be correlated with the length of the trypanosomes, there is no 
evidence of a clear-cut dimorphism, therefore 7'. dimorphon can be regarded as 
being monomorphic. 
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Fig. 5. T. dimorphon. Curves showing correlation between length of the trypanosomes and 
(1) shape of the posterior end of the body (PEr: rounded; PEp: pointed); (2) position of the 
nucleus (Vm: in middle of the body; Np: in posterior part of the body). 


(d) Previous records 


The equine strain from Gambia, first described by Laveran and Mesnil and 
revised in the present paper, is actually the only authentic record of 7’. dimorphon, 
but on a priori grounds there can be no doubt that this species has a much wider 
geographical and hostal distribution. And indeed, as already mentioned in the 
Introduction, a number of authors had drawn attention to the presence in some 
congolense-like strains of unusually long trypanosomes, which they attributed to 
l. dimorphon. Although most of the published data do not supply precise clues to 
the identity of these strains, we can now assess their value more accurately in the 
light of the present revision. 

One of the earliest records was by Martin (1906), who attributed all the infections 
detected by him in domestic animals of French Guinea to 7’. dimorphon, and in 
fact the measurements (13-23) and illustrations of the trypanosomes found by 
him in sheep, goats, pigs and dogs—but not in bovines and equines—conform to 
this species. Later Martin, Leboeuf & Roubaud (1909) reported the occurrence of 
l. dimorphon in livestock of French Congo (now French Equatorial Africa), but 
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both the dimensions (10-15 7, 12-17 ) and figures given by them indicate that the 
trypanosome in question was probably 7’. congolense. Likewise, a trypanosome igo. 
lated by Edington (1908) from a horse in Zanzibar and studied by Bruce, Hamerton§ 
Bateman (1909) was thought to be 7’. dimorphon, but the measurements (10-4-17-1 j, 
mean 13-6) suggest that they too were dealing with 7’. congolense. It is curious 
therefore that Laveran & Mesnil (1912) also believed that the Zanzibar strain might 
have been 7’. dimorphon. Among the trypanosomes found by Jowett (1910) in 
cattle of Portuguese East Africa and referred to 7’. dimorphon, only those isolated 
from his ‘Ox 48’ agree with this species in size (11-24) and appearance (his 
Fig. 3), whereas the trypanosomes in other animals were undoubtedly 7. congo. 
lense. It is also highly probable that the bovine trypanosome from Southem 
Rhodesia described by Bevan (1910a, 6) was T'.. dimorphon, to which its size 
(15-30, with 18-20 predominating) and appearance correspond. Fry (1911) 
recorded trypanosomes from domestic animals of Anglo-Egyptian Sudan under 
the name ‘7’. pecorum or nanum’ (now T’. congolense) but, judging from his fig. 7 
and from its size (mean 15-7), the trypanosome from sheep might have been 
T’. dimorphon. It would also seem that this species was correctly identified by 
Yorke & Blacklock (1911) in one of the horses (B) observed in Gambia, while the 
short forms isolated from a double infection in another horse (A), though attri- 
buted by Blacklock (1912a, 6) to T’. dimorphon, evidently represented 7’. congo- 
lense (for its length see Table 4). Martoglio (1911) gave the name 7’. somalilense to 
a strain from livestock in Italian Somaliland, in which there was obviously a 
double infection with brucei-like forms and a trypanosome with the characters of 
T. dimorphon (length 11-26; his figs. 6, 8, 18). Delanoé (1914) was probably 
right in classifying a bovine trypanosome from the Ivory Coast (measuring 13-20,, 
mean 16) as 7’. dimorphon. Among the trypanosomes of domestic animals, which 
Curson (1928) recorded from Zululand under the name 7’. congolense, are depicted 
(his pl. II, fig. 1b) short and long forms from an ox that closely resemble 7’. di- 
morphon. Other observers (Hoof, 1924; Schwetz & Fornara, 1929; Schwetz, 1931, 
1934, 1938; Hoof & Henrard, 1933; Hoof et al., 1948) recognized the existence in 
the Belgian Congo—especially in cattle—of a longer variety of 7’. congolense, 
which might be 7’. dimorphon. Finally, a trypanosome recently isolated from a dog 
in Nigeria by Godfrey (1958) was tentatively referred to 7’. dimorphon, but its 
mean lengths (range 14-5-15-7) are shorter than those found by me in this 
species. 

It would thus seem that strains suggestive of 7’. dimorphon had probably been 
observed in the following localities and hosts: Gambia (horses), French Guinea 
(sheep, goats, pigs, dogs), Ivory Coast (cattle), Belgian Congo (cattle), Sudan 
(sheep), Somalia (livestock), Southern Rhodesia (cattle), Portuguese East Africa 
(cattle), Zululand (cattle), and possibly Nigeria (dog). 
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VI. SYSTEMATIC POSITION 
(a) Differential diagnosis 
from the foregoing account it is evident that 7’. dimorphon has all the general 
attributes of the Congolense group. However, since certain features are common to 
all the species of this group and some populations of a given species do not contain 
all the characteristic forms, it may be difficult to identify the trypanosomes in 
random samples. In order to determine the systematic position of 7’. dimorphon 
and to differentiate it from the other species, it is necessary to consider the 
characters of 7’. simiae and T'. congolense. 

As is known (Hoare, 1936a, b; Culwick & Fairbairn, 1947), 7’. simiae is a poly- 
morphic species, comprising short congolense-like forms, and long forms, among 
which the majority (so-called standard simiae forms) are stout and have a well- 
developed undulating membrane, while others (so-called rodhaini forms) are 
slender and have an inconspicuous undulating membrane; moreover, some of the 
lng forms may have a free flagellum. The differential characters of this species 
and 7’. dimorphon are given in Table 3. 


Table 3. Comparison of Trypanosoma simiae and T. dimorphon 


Species ... one _— ... QT. simiae* TT. dimorphont 
Morphism: “ss ane ... Polymorphic Monomorphic 
Range 12-5-24 11-24 

kangen (7 (eos 17-0-18-2 16-2 
Percentage of forms 

(1) Standard simiae 88-8-92-2 None 

(2) Slender (rodhain‘) 5-2-7°8 58-81 

(3) Typical congolense 2-0-4-2 19-42 

(4) With free flagellum 0-8-3-9 None 


* Data taken from Hoare (1936a, b). 
+ Data based on examination of 100 trypanosomes in each of following samples: A, D, 
E, H, J (total = 500). 


From this table it is seen that, while the lengths of 7’. dimorphon and T’. simiae 
are similar, they differ markedly in other respects. Thus the standard forms 
(showing a superficial resemblance to thin forms of 7’. brucei), which are pre- 
dominant in 7’. simiae, are completely absent in 7’. dimorphon, whereas the 
typical congolense forms and the slender rodhaini forms, which constitute a small 
minority in 7'. simiae, are the commonest forms found in 7’. dimorphon. Further- 
more, a free flagellum has never been seen in the latter. 

In general, the structure of 7’. dimorphon does not differ from that of 7’. congo- 
lense, as 1 was able to satisfy myself in the case of a porcine strain of the last- 
named species from the Belgian Congo. In preparations which were kindly pro- 
vided by the late Dr L. van Hoof, I measured 400 trypanosomes (100 in each of 
four samples), noting in each specimen the same characters that were recorded by 
me for 7’. dimorphon. As in the latter, the posterior end of the body in 7’. congo- 
lense was either rounded or drawn out, and there was a similar tendency for this 
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end to be more pointed as the trypanosomes increased in length. As regards the 
nucleus, in addition to positions in the middle and posterior parts of the body, in 
a fair number of 7’. congolense (12-36 °%) the nucleus was situated in the anterior 
part. As in 7’. dimorphon, the kinetoplast of 7'. congolense was in most cases sub- 
terminal and marginal, but there was a higher proportion of trypanosomes 
(4-30°%) in which it was terminal. Some of the characters of 7’. congolense 
observed by me in a single strain were also described by a number of previous 
authors. As the structural differences between 7’. dimorphon and T’. congolens 
are quite negligible, the comparison of these two species can be restricted to 
mensural characters. 


Table 4. Comparison of Trypanosoma congolense and T. dimorphon 
Length (4) 





Cc =? 





Authors Range Means Species 
C. A. H. 8-17 12-2 ) 
Bruce et al. 1910a 8-18 | 13-3 
Blacklock, 19126 9-19-5J ; 
Kinghorn et al. 1913 9-5-19 13-6 . T. congolense 
Bruce e¢ al. 1913 9-18 13-9 ( , 
Bruce et al. 1913 9-18 14-0 
Bruce et al. 1913 11-18 14:3 
Kinghorn et al. 1913 10-19 14-4 | 
C. A. H. ' 11-3-22 15°3 7 
C. A. H. 11-3—-19°5 158 
C. A. H. 11-23-5 169 | 
C. A. H. 12-5—20 16-1 
C. A. H. 13—20-5 16-4 1’. dimorphon 
C. A. H. 12-5-20-3), os | 
C.&. Hi. 11-8-22 Jf | 
C. A. H. 12-5-21 16-9 
C. A. H. 12-22 75 
C. A. H. 12-5-24 176 


According to the original description of 7’. congolense by Broden (1904), this 
trypanosome measured from 10-5 to 16 in length, the means for two strains being 
12-5 and 13. Although there is now a vast literature on this species, I propose 
to consider only the relatively few records in which the measurements had been 
treated statistically, to which I have added the results of a biometrical study of the 
porcine strain mentioned above. Among the measurements of 7’. dimorphon those 
of sample LZ have been omitted for the following reason. It is a well-known fact 
that in various species of trypanosomes the proportion of different forms present 
in some populations is subject to fluctuation. In the case of 7’. dimorphon, it has 
been pointed out by Laveran & Mesnil (1912)—and confirmed by Curasson (1943) 
—that the long forms may occasionally disappear, leaving only short forms in the 
population, which can then be mistaken for pure 7’. congolense. There can be little 
doubt that sample L of 7’. dimorphon, whose range (11-3—18-5 ~) and mean (14-44) 
correspond to the measurements of 7’. congolense, is an example of this phenomenon. 
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4s this atypical sample is not representative of the species to which it belongs, it 
can be safely ignored. The measurements of the two species in question are com- 
pared in Table 4. 

It is evident from this table that these two species are clearly separable by their 
lengths. Thus, the total ranges of 7’. congolense (8-19-5y) and 7’. dimorphon 
(I-24), though overlapping, are quite distinct, while the difference between 
their means (12-2-14-4 and 15-3-17-6y respectively) is highly significant. The 
means of each of these species form a continuous group, without a real break in the 
variation of length between the respective strains and/or samples, but there is a 
definite gap between the highest mean of the shorter species (14-4 ) and the lowest 
mean of the longer one (15-3). Here it may be added that, since the qualitative 
norphological characters of 7’. congolense and 7’. dimorphon are similar, the shorter 
forms depicted in Fig. 4 (a—-k) can also serve to illustrate the appearance of 
T. congolense. 

Apart from the difference in mensural characters, there is some evidence that 
T. dimorphon is more virulent than 7’. congolense (see p. 215). 


(b) Classification 

In the preceding section it has been shown that 7’. dimorphon can be distinguished 
from 7’. simiae by a number of morphological features (Table 3), while it differs 
from 7’. congolense mainly in the range of means, the two species falling into two 
distinct groups, whose mean measurements do not overlap. The relation between 
T. congolense and T'. dimorphon is thus comparable to that of 7’. uniforme and 
T. vivax (cf. Hoare & Broom, 1938). As the result of the present revision, the 
differential diagnosis of 7’. dimorphon is so well defined that it should now be 
removed from the synonymy of 7’. congolense and restored to its original status as 
an independent species. However, the occurrence of strains with intermediate 
mensural characters—such as recorded by Godfrey (1958)—cannot be excluded. 
If their existence is confirmed, it might be necessary to reduce the rank of 7’. di- 
morphon and other congolense-like strains to some minor taxon (e.g. subspecies or 
race). In a previous publication (Hoare, 1957) I have already tentatively included 
I. dimorphon in the Congolense group, as an independent species characterized by 
dimorphism, but in the light of the present work the diagnosis of this group should 
be amended as follows. 


III. Congolense group 


Monomorphic or polymorphic forms. Free flagellum absent or present. Kineto- 
plast medium, typically marginal. Development in Glossina: midgut and proboscis. 
(4) Monomorphic (free flagellum absent or short, undulating membrane 
inconspicuous). (1) Short forms (means 12-2-14-4 4): 7’. congolense. (2) Long forms 
(means 15-3-17-6 u): 7’. dimorphon. 

() Polymorphic (short forms without free flagellum ; and long forms, comprising 
stout ones with conspicuous undulating membrane and slender ones with incon- 
‘picuous undulating membrane, free flagellum absent or present): 7’. simiae. 


15-2 
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Finally, we turn to the nomenclature of 7’. dimorphon, in which are reflected i 


the changing views on the status of this species since it was first described nearly 
55 years ago. 
Trypanosoma dimorphon Laveran & Mesnil, 1904 
Synonyms 
(1) ‘The Gambian Horse Trypanosome’, Dutton & Todd, 1903 (pro parte). 
(2) [Non] Trypanosoma dimorphon Dutton & Todd, 1903, auctorum. 
(3) T'rypanozoon dimorphon (Laveran & Mesnil, 1904) Liihe, 1906 (pro parte), 
(4) T'rypanosoma confusum Montgomery & Kinghorn, 1909 (non 7’. confusum 
Liihe, 1906). 
(5) 7’. pecorum Bruce et al., 1910 (pro parte). 
(6) 7’. somalilense Martoglio, 1911 (? pro parte). 
(7) 7’. congolense var., Schwetz, 1938. 
(8) 7’. congolense [auctorum (non Broden, 1904), pro parte}. 


VII. SUMMARY 


Owing to inadequate and conflicting descriptions, there have always been doubts 
about the identity of T’rypanosoma dimorphon, which is commonly regarded as a 
synonym of 7’. congolense. However, the occurrence of atypical strains, with 
characters like those of 7’. dimorphon, has re-opened the question of the possible 
independence of this species. 

To solve this problem, the author has undertaken a complete revision of 7’. di- 
morphon, based on Laveran and Mesnil’s original type-material. In the course 
of this work, a total of 1200 trypanosomes, belonging to samples taken from 
animal passages in the course of 4 years, were studied biometrically and morpho- 
logically. 

It was shown that the structure of 7’. dimorphon is comparable to that of 
T'. congolense, but it differs from the latter in greater length, its range being 11-24, 
while the means vary in different populations from 15-3 to 17-64. Although certain 
characters (e.g. shape of posterior end of the body and position of nucleus) seem 
to be correlated with the length of the trypanosomes, there is a gradual transition 
between the different forms. Moreover, when examined statistically, the great 
majority of samples proved to be homogeneous populations with normal length 
distributions. Therefore, in the absence of any evidence of dimorphism, 7. di- 
morphon is regarded as a monomorphic species. 

In a review of previous records, strains which had been erroneously attributed 
to 7’. dimorphon have been separated from those conforming to this species, which 
probably has a fairly wide distribution in Africa. 

From a comparison of 7'. dimorphon with other species of the Congolense group, 
it is seen that it can be distinguished from 7’. simiae by a number of morphological 
features, while it differs from 7’. congolense mainly in the range of mean lengths, 
the two species falling into two distinct groups, whose mean measurements do not 
overlap. 

It is concluded that the present revision provides grounds for the removal of 
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T. dimorphon from the synonymy of 7’. congolense and its restoration to the 
original position as an independent species. The characteristics of the Congolense 
group have been amended in accordance with this change in its composition. 


I am much indebted to Professor E. Roubaud for the loan of the historical 
material without which the revision of 7’. dimorphon could not have been under- 
taken. I am also grateful to Dr J. C. Broom for his help in the statistical analysis 
of my results. 
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ON THE BEHAVIOUR OF PIGEON LOUSE, COLUMBICOLA 
COLUMBAE LINN. (MALLOPHAGA) 


By R. RAKSHPAL 


Department of Zoology, Lucknow University, Lucknow, India 
(With 6 figures in the Text) 


INTRODUCTION 


From the literature available it seems that no study has been made of the behaviour 
of the pigeon louse, Columbicola columbae Linn., nor of that of any other Mallophaga. 
The behaviour of the human louse, Pediculus, however, has been studied in great 
detail by Hase (1915, 1931), Bacot (1917), Nuttall (1917, 1919), Alessandrini 
(1919), Martini (1918), Pick (1926), Homp (1938), Buxton (1939) and Wiggles- 
worth (1941); while Weber (1929) has given a detailed account of the behaviour of 
the pig louse, Haematopinus. The present paper describes the reactions, under 
laboratory conditions, of the pigeon louse to three environmental factors, namely 
temperature, smell and contact. The classification of the mechanism of orientation 
given by Gunn, Kennedy and Pielou (1937) has been followed here. 


GENERAL METHODS AND MATERIAL 


The pigeon louse lives normally concealed on the surface of the vanes of feathers. 
It spends the greater part of its life at rest. The well-fed adult lice of both sexes 
were collected directly from the pigeon either at the time of performing the experi- 
ments or earlier and they were kept in a big Petri dish on the pigeon feathers. 
There was little difference in the behaviour of lice collected before or at the time 
of the experiment, but if they were collected more than a week before the experi- 
ment they became sluggish and their behaviour was not normal. 

The method of experiment and the apparatus used were substantially the same 
as those described by Wigglesworth (1941). The metal containers used were rect- 
angular, measuring 6 x 9x 12cem., the uppermost wall 6x9cem. The two con- 
tainers were separated by an asbestos sheet 2 mm. thick, and held together by 
means of an outer rubber band. The temperature of the containers could be changed 
to the desired degree by adding ice or by heating water inside them. The tempera- 
ture was measured by a sensitive resistance thermometer. The arena was circular, 
glass-walled and 5 cm. in diameter. The floor was usually of paper, except in those 
cases in which the behaviour was studied on cloth which was stretched on a wooden 
embroidery frame. Except in temperature experiments the arena rested on 4 
table and the temperature of the surroundings varied between 31 and 32 °C. In 
temperature experiments half of the arena rested on one container and half on 
another. The arena was always near the window and the experiments were pel- 
formed in diffuse daylight in the morning hours. 

The reactions of the louse were observed in the arena which was so arranged that 
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one half differed from the other half in a single factor at a time. A single fresh 
louse was used for each test. The duration of each experiment varied from 10 to 
90min. Over this range, the duration of the experiments did not seem to have 
any appreciable influence on the intensity of the reaction. The tracks made by the 
louse during its movements on the floor of the arena were copied on a sheet of 
paper by the side of the apparatus, and with the aid of a stop-watch the positions 
of the louse were marked at 30 sec. intervals. From such tracks it was possible to 
compare the relative lengths of time spent by the louse in either half of the arena 
and to determine whether this was due to (i) coming to rest or moving more 
slowly to one side (orthokinetic reaction), (ii) changing direction more frequently 
{klinokinetic reaction), or (iii) constantly avoiding one side (klinotactic reaction). 
When the louse moved against the wall of the arena, its tracks were recorded, for 
the sake of clearness, as concentric lines. 


BEHAVIOUR IN A UNIFORM ARENA 


Before interpreting the behaviour under a particular condition it was very essential 
to have knowledge of the movements of the louse in a uniform arena. It might be 
mentioned here that there were many individual variations. In some cases the 
louse would come to rest after moving a minute or two and would continue in this 
position for some time; in other cases it would go on moving in spirals and so on. 





(20 min.) 


Fig. 1. Tracks followed by the louse in a uniform arena. 


But generally the louse moved forward near the wall of the arena often touching 
the wall with its antenna (Fig. 1). Occasionally the louse crossed the arena at some 
distance from the wall or turned and walked back. Records were made only of 
the tracks of individuals showing normal behaviour, which was determined by 
performing a number of experiments with different individuals under each of the 
conditions; when a number of individuals showed a more or less similar behaviour, 
this was taken to be normal. 


REACTIONS TO TEMPERATURE 
When the louse was given a choice between 23 and 30-5° C. (Fig. 2A), it spent 
nearly all its time on the warmer side and strongly avoided the cooler side. When 
it was introduced on the warmer side it remained there and did not enter into the 
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cooler side. But, on introducing it on the cooler side, it crossed the cooler side ag 
soon as it could and entered into the warmer side, where it remained all the time. 
The track followed was not straight, but a little convoluted. More or less similar 
behaviour was observed when the alternative temperatures were 25 and 30-5° (. 
(Fig. 2B). 

Fig. 2C shows a typical track of a louse given a choice between two extreme 
alternative temperatures 27-5 and 47-5° C. The louse on the warmer side moved 
very fast and reached the asbestos sheet, but did not enter the cooler side. It 
continued moving in the middle zone, taking a very irregular convoluted course, 
It avoided both the temperatures strongly and showed a great preference for the 





Fig. 2. Tracks of the louse when the two halves of the arena had different temperatures. 


middle zone. While it was moving on the asbestos sheet, it touched sometimes the 
cooler side and sometimes the warmer side. This greatly confused the louse, 
making its course all the more erratic and the result was a very irregular convoluted 
track. 

When these results were obtained, the response to other differences on the tem- 
perature scale was studied in order to find out how sensitive the louse was and its 
preferred temperatures (thermopreferendum). For this purpose the temperatures 
were progressively lowered on the warmer side and raised on the cooler side. The 
temperature differences used varied from 4 to 20° C. 

Between two alternative temperatures, 29 and 43° C., the behaviour of the 
louse became very different. As long as it remained on the warmer side it moved 
very fast (Fig. 2D) and, after reaching the asbestos sheet, entered the cooler side 
and spent practically all the time there. This showed that the louse preferred 29° C. 
in comparison to 43° C., which was strongly avoided. The behaviour of the louse 
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on the cooler side further suggested that this side was also not liked much, as it 
often moved towards the centre to find a more suitable place. 

When the choice was between 31 and 41-5° C., a very interesting behaviour was 
shown (Fig. 2E). Instead of avoiding the warmer side, the louse preferred it and 
avoided the cooler side. However, the avoidance was not so strong as it was when 
higher temperatures were used. This observation further suggested that the pre- 
ference to 29° C. in comparison to 43° C. (Fig. 2D) was under compulsion, as the 
louse had strongly avoided 43° C., so that 29° C. should not be regarded as the 
thermopreferendum. Again, the louse preferred 36° C. in comparison to 31° C. 
(Fig. 3A). This behaviour suggested that the thermopreferendum was somewhere 
between 31 and 41-5° C, 


D 





Fig. 3. Tracks of the louse when the two halves of the arena had different temperatures. 


To find out the minimum range of the thermopreferendum the choice was given 
between 32-5 and 38° C. (Fig. 3B). The louse preferred 32-5° C. more, but 38° C. 
was also not avoided. Similarly, when 34° and 38° C. were used (Fig. 3C), 34° C. 
was preferred, but the louse could not discriminate between 33 and 36° C. (Fig. 3D). 
As there was a stronger preference for 34° C. than for 38° C. and the louse could 
not discriminate between 33 and 36° C., the thermopreferendum was between 
33 and 36° C. 

When the choice was between 38 and 42° C. (Fig. 3E), 38° C. was preferred, 
although 42° C. was also not strongly avoided; but, when the temperature was 
raised to 43° C. on the 42° C. side (Fig. 3 F), the raised temperature was strongly 
avoided, showing that at this range the louse was sensitive to a change of even one 
degree of temperature. 

The results obtained showed that temperatures above 42° and below 30° C. 
Were strongly avoided by the louse. 30—-32° and 38—42° C. temperatures were well 
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tolerated but never preferred to temperatures below 38° and above 32-5° C. The 
preferred temperature was 33-36° C., and there was no appreciable change in the 
reaction of the louse to temperature differences within this range. The louse wag 
sensitive to temperature differences of even one degree below and above the range 
of tolerated temperatures, two degrees difference within the range of tolerated 
temperatures, and three degrees difference within the range of preferred 
temperatures. 

The tracks of the louse were much convoluted within the range of temperatures 
strongly avoided. Within this range the louse seemed confused and _ hesitant 
and frequently raised its head. When a louse moving on the warmer side reached 
the cooler side, its speed was lowered. Similarly, when it moved to the warmer 
side from the cooler zone, the speed increased. The maximum speed was noted at 
47° C., when it covered a distance of 50 mm. in 20 sec. (150 mm. per min.). The 
louse did not show any signs of sensory adaptation to these adverse temperatures, 
because the speed remained more or less the same throughout under similar 
conditions. 


Mechanism of orientation 


The foregoing experiments demonstrated that the louse avoids both high and 
low temperatures, and prefers moderate temperatures. It appears that at least 
three mechanisms of orientation contribute to this behaviour. These mechanisms 
are orthokinesis, klinokinesis, and klinotaxis. 

When a louse is exposed to a pair of low and high temperatures in the alter- 
native chamber, and crosses from the low to the high temperature zone, its rate of 
movement instantly increases. Similarly, when the louse crosses from the high to 
the low temperature zone, its rate of movement instantly decreases. This simple 
mechanism of behaviour may be termed orthokinesis. 

When it passes from one zone to another the louse often does not follow a 
straight course, but frequently turns and changes its direction. This mechanism 
of orientation is known as klinokinesis. 

Another mechanism seems to be at work when the two alternative tempera- 
tures are cold and hot. None of these temperatures are liked by the louse. Some- 
times it moves to one side and sometimes to the other, but it avoids both the 
zones and remains in the middle part of the arena. This type of mechanism is a 
directed one and is termed klinotaxis. 

It appears that all the three mechanisms are responsible for the general tem- 
perature behaviour. But it is difficult to define the exact part played by each 
mechanism, except in some cases. When there is the sharp avoidance of any one 
temperature, it may be said that it is due to klinotaxis, as in the case of high and 
low temperatures. This mechanism is effective in keeping the louse away from 
unsuitable temperatures. The increased frequency of turning may be regarded as 
being due to klinokinesis, the mechanism which is important in bringing the louse to 
preferred temperature. The change in the rate of movement appears to be due to 
orthokinesis, which, together with klinokinesis, may also be important in avoiding 
unsuitable temperatures. 
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REACTIONS TO SMELL 


The method used for testing the reactions of the louse towards smell was roughly 
the same as that used in the temperature experiments. One half of the arena was so 
arranged as to have the smell being tested. 

When one side of the arena was of untreated paper and the other of paper 
rubbed on a pigeon, the louse strongly avoided the neutral side. The avoidance 
was so strong that the louse walked almost immediately from the neutral side 
to the side smelling of pigeon and spent practically all the time there (Fig. 4A). 

In another experiment the bottom of the arena was that of voile, and half of it 
had pigeon feathers underneath. The louse showed definite preference (Fig. 4B) 
for the side that had the pigeon feathers. The track was much convoluted, perhaps 
because of some confusion regarding the regularity of the smell. 

When one half was neutral and the other contained paper smelling mildly of 
kerosene, the louse very strongly avoided the side smelling of kerosene (Fig. 4C). 


A 
Neutral Pigeon rubbed Neutral Feathers Neutral ; Kerosene 





Fig. 4. A and B, reactions of the louse to the smell of pigeon feathers; C, reactions of the 
louse to the smell of kerosene paper. 


Mechanism of orientation 


Three mechanisms appear to be involved in orientation of the louse in relation to 
smell. When the louse enters the favourable side from the unfavourable side, it does 
not walk straight, but follows a convoluted course, although it definitely avoids 
the unfavourable side. Klinokinesis is responsible for avoidance of the unfavour- 
able side and for a longer stay on the favourable side. The klinotactic mechanism 
keeps the louse away from the unfavourable conditions. When it is on the unfavour- 
able side, the louse walks faster and thus is able quickly to avoid unfavourable 
conditions; by slowing down its movement on the favourable side, it is able to 
keep longer under favourable conditions. This behaviour is due to orthokinesis. 


REACTIONS TO CONTACT 


The same type of arena was used as before, each half of the bottom having a 
different surface. The materials used to make these surfaces were unglazed paper, 
glazed paper, blotting paper, tin foil, voile, silk and wool. 

The louse could not hold on to glazed paper, which was avoided altogether. 
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When it was left on the glazed paper, it did not move. When it was forced to move, 
it had to struggle hard, its claws slipping over the surface (Fig. 5A). 

When the louse was given a choice between unglazed paper and blotting paper, 
it preferred the unglazed paper (Fig. 5B) and avoided the blotting paper. 

On tin foil the louse experienced more or less the same difficulty as on the glazed 
paper and preferred even blotting paper to tin foil (Fig. 5C). 


Unglazed A Glazed Blotting 8 Unglazed 
paper paper 

















min.) 





Voile Silk 





Paper 


Fig. 5. Reactions of the louse to contact when the two halves of the arena had 
different surfaces. 





Fig. 6. Reactions of the louse to contact when the two halves of the arena had 
different surfaces. 
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When the choice was between voile and unglazed paper (Fig. 5D) or paper and 
silk (Fig. 5), the louse preferred the paper, but there was no avoiding reaction 
towards voile or silk. The louse did not show much discrimination between silk and 
voile (Fig. 6 A). 

When the louse was offered paper and wool, it avoided paper strongly (Fig. 6B). 
(Qn a woollen surface it took a much convoluted course and, when it happened to 
reach the paper surface, it returned to the woollen side immediately. In the case 
of wool and voile (Fig. 6C) or wool and silk (Fig. 6D), the preference was again for 
the woollen surface. Thus the louse showed a strong avoiding reaction towards 
paper, silk and voile, when the alternative material was wool. It also preferred a 
frayed strip of flannel to blotting paper, which was then strongly avoided (Fig. 6 E). 


Mechanism of orientation 


The mechanism of orientation to contact appears to be the same as that to 
other stimuli. Orthokinesis comes into action when the louse moves on paper, 
voile and silk, on which it walks more actively than on other surfaces. On a glazed 
surface the louse is unable to walk and comes to rest; this sort of mechanism may 
be called as negative orthokinesis. On a woollen surface the louse follows a very 
convoluted track and the mechanism involved appears to be klinokinesis. The 
distinct avoidance of silk, paper and voile, when the alternative material is wool, 
is probably due to klinotaxis. 


COMPARISON OF THE BEHAVIOUR OF THE PIGEON LOUSE 
AND THE HUMAN LOUSE 
Wigglesworth (1941) has given a detailed account of the behaviour of the human 
louse and has critically reviewed the literature on this topic. The human louse and 
pigeon louse belong to two different Orders, but they show similarities in many 
respects and a comparison of their behaviour is therefore of interest. 

The behaviour of both human and pigeon lice is more or less similar in a uniform 
arena; they generally move near the wall, often touching it with their antennae. 

Both human and pigeon lice show thermo-klinotactic, thermo-klinokinetic and 
thermo-orthokinetic mechanisms of orientation. The thermopreferendum for the 
two lice depends on the body temperatures of their respective hosts. For the 
human louse the recorded thermopreferendum is about 30° C. the human body 
temperature being about 37° C. Similarly, the thermopreferendum for the pigeon 
louse is about 35° C., the pigeon body temperature being about 42° C. Thus for 
both the lice the thermopreferendum is about 7° C. below the body temperature 
of their respective hosts. 

A comparison of the tracks of both the human and pigeon lice at different 
combinations of two alternative temperatures further reveals that their behaviour 
is very similar to the temperatures below and above their respective thermo- 
preferenda. It may be pointed out that the behaviour of the two lice appears to 
be more or less similar when the temperature difference within their thermo- 
preferenda is the same. 
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The rate of movement of both the human and pigeon lice is always greater on 
the warmer side; and no good evidence of thermoadaptation by either louse has 
been found. 

Both the human and pigeon lice are sensitive to the odour of their respective 
hosts. The human louse shows a definite preference for cloth worn by man for a 
few days; and the pigeon louse prefers cloth rubbed on a pigeon to neutral 
cloth. 

Neither the human nor the pigeon louse can hold on to glazed paper. When they 
are forced to walk on glazed paper they have to struggle hard, their claws slipping 
over the surface. They show a preference for woollen cloth in comparison with 
unglazed paper and their tracks are then more or less similar in that they follow a 
convoluted path. They also prefer woollen cloth to cotton. In the case of cotton 
and silk the pigeon louse shows a definite preference for voile, while the human 
louse appears to avoid cotton stockings. Their behaviour on frayed flannel is also 
similar. 

SUMMARY 

The reactions of the pigeon louse Columbicola columbae to temperature, smell and 
contact have been tested in a circular, glass-walled arena divided into two halves. 
The thermopreferendum has been found to be between 33 and 36° C., and higher 
temperatures are more strongly avoided than lower ones. The louse prefers cloth 
that has been in contact with pigeon feathers to clean cloth. Kerosene serves as a 
repellant. When the louse is offered different surfaces, namely, glazed paper, tin 
foil, blotting paper, unglazed paper, voile, silk or wool, the woollen surface is 
preferred most. 

Three mechanisms of orientation, klinotaxis, klinokinesis and orthokinesis 
appear to contribute to the normal behaviour of the louse. Under certain con- 
ditions negative orthokinesis also affects the behaviour. 

Comparison of the behaviour of the pigeon louse and human louse has shown that 
in many respects their behaviour is similar and that their thermopreferendum 
depends on the body temperatures of their respective hosts. 
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A REVISION OF THE GENUS CYCLOPODIA 
(NYCTERIBIIDAE, DIPTERA) 


By OSKAR THEODOR 


Department of Parasitology, The Hebrew University, Jerusalem 
(With 77 Figures and 3 Maps in the Text) 


In 1835 Westwood described Nycteribia sykesii and N. hopei, and mentioned the 
possibility of both being male and female of the same species. He also described 
N. dubia. In 1860 Bigot described NV. oxycephala. In 1863 Kolenati created the 
genus ('yclopodia for N. sykesii and N. hopei, but did not include N. dubia in the 
new genus. Kolenati did not see any specimens, but based his diagnosis solely on 
Westwood’s figures and very short descriptions. In 1878 Rondani described 
C'. albertisi and N. ferrari. In 1884 Karsch described C. greeffi and in 1889 de 
Meijere described C’. horsfieldi. All these descriptions, except that of (’. horsfieldi, 
are incomplete, and the first paper dealing in detail with ten species, of which four 
were new, is Speiser’s monograph of 1901. Since then only three species have 
inclita Faleoz, 1927; C'. pembertoni Scott, 1932; and (’. tenuis 


been described (C'’. 
Schuurmans Stekhoven & Hardenberg, 1938). Speiser re-defined the genus. He 
mentioned the pigmented eyes with two ocelli, the broad antennae, the long anterior 
coxae and the three rings on the tibiae. 

N. roylii Westwood was placed by Scott (1908, 1914) into the genus Cyclopodia 
because of its long tibiae with three rings and the presence of eyes with two ocelli. 
Scott (1917) recognized the marked differences of NV. roylii from the other species 
of Cyclopodia, mainly in the structure of the head, and created for it the subgenus 
Paracyclopodia of the genus C'yclopodia. Theodor (1954) removed the subgenus from 
Cyclopodia and considered it provisionally as a separate genus because the structure 
of head and eyes, thorax and male genitalia clearly proved that this species is much 
more closely related to the genus Basilia. It was not then placed into the genus 
Basilia because the structure of the female abdomen differs markedly from that 
of other species of Basilia. The finding of the female of Basilia bouvieri Faleoz 
(= Tripselia (Neotripselia) bouvieri Faleoz) proved, however, that this species is 
transitional between \V. roylii and other species of Basilia, and that the peculiar 
structure of the female abdomen is apparently a specific development. There 
seemed therefore to be no reason for maintaining Paracyclopodia as a separate 
genus, and it is now considered as a subgenus of the genus Basilia (Theodor, 1957). 

Some details of the external genitalia of several species were given by Karaman 
(1939, 1948) who, however, misinterpreted the phallobase as the aedeagus. The 


structure of the genitalia was described in detail by Theodor in 1953 and 1954. 
A detailed study of the structure of the head of (. sykesii has been published 
by Jobling (1928) and some aspects of its anatomy by Mukerji & Dasgupta (1954). 
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Genus Cyclopodia Kolenati, 1863 
Type species: C'yclopodia sykesii (Westwood) 1835 
Diagnosis. Head compressed dorso-ventrally. Eyes consisting of two more or 
less deeply separated ocelli. Palps either broad and laterally compressed or slender 
and tapering. They bear marginal setae and a long or short terminal seta. Antennae 
with a broad dorsal process of the basal segment. A row of 3 to 8 minute spines 
at the posterior margin of the theca of the proboscis in each half (Fig. 1). 














Fig. 1. Cyclopodia sykesii. Head: A, dorsal; B, ventral; ant., antenna; e., eye; p., palp; 
th., theca of labium; v., vertex. (After Jobling, Parasitology, 20, 256, 1928.) 
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Thorax (Fig. 2,a) rounded anteriorly. Thoracic ctenidia with thick, blunt teeth. 
Notopleural sutures diverging posteriorly. Notopleural setae 1 to 4 in a row in 
most species, in a group of 7-8 setae in one species, altogether absent in another, 
They stand close to the haltere groove at the base of the mesopleural sutures, 
Haltere groove either open or partly or completely closed by a covering flap 
(Fig. 3). Oblique sutures well developed, open, sometimes rounded anteriorly. 
Coxae 1 very long, club-shaped. Tibiae long, nearly parallel sided, slightly com- 
pressed laterally, with 3 rings of weaker integument in the middle (Fig. 25), 
Some moderately long setae at the basal margin of the rings. 





0-3 mm. 
Fig. 2. Cyclopodia greeffi. a, thorax, b, tibia. 








Fig. 3. Haltere groove. a, Cyclopodia sykesii; b, C. pembertoni; c, C. greeffi. 


Abdomen. Tergites 1 and 2 fused in both sexes. Postspiracular sclerite without 
setae in most species. Segmentation in the female much reduced, only the basal 
and anal sclerite always sclerotized. Abdominal ctenidium consisting of thick, blunt 
teeth. Sternite 7 normal or transformed into a genital plate which bears spines 
posteriorly. Abdomen of male with normal segmentation. A row of spines of 
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varying form on the posterior margin of sternite 5 in one subgenus, absent in the 
other. 

Genitalia. Aedeagus either membranous with a rod-like structure in its wall, 
without apodeme, completely invaginated inside the abdomen in the resting 
position, phallobase triangular with apical hook (subgenus Cyclopodia. s. str.) or 
aedeagus partly or completely sclerotized, with apodeme and a phallobase which 
is bifid in some species (subgenus Leptocyclopodia subg.nov.). 

Structure of the genitalia. The genitalia of C. greeffi have been described in detail 
previously (Theodor, 1953, 1954, 1957) and some details are added in the present 
paper. Study of the genitalia of this genus is particularly difficult, as it is nearly 
impossible to recognize the various parts and their function while they are retracted 
inside the abdomen, and details can only be made out in the few specimens which 
have been conserved with the genitalia extended or on living material, The following 
description is thus based on the genitalia of C. greeffi and C. sykesii, mainly be- 
cause sufficient material of these two species was available, including a number of 
specimens with their genitalia extended (Fig. 4). 

The aedeagus is a tapering membranous tube with a sclerotized ridge in its 
wall. The ductus ejaculatorius runs through the aedeagus, opening near its tip, 
sometimes in a specially differentiated part which may be articulated with the 
aedeagus rod. The aedeagus continues basally ina membranous tube, the connecting 
tube, which bears a field of spines at its ventral surface. These spines are directed 
backwards when the genitalia are extended. The connecting tube may widen into a 
bulb near its base which also bears spines. The form and length of the aedeagus 
rod and of its apical part, as well as the extent of the field of spines on the con- 
necting tube, differs in the various species. The phallobase is a triangular plate 
with an apical curved hook which closes the genital opening in the resting position. 
The phallobase articulates basally with the basal are which is a broad plate with an 
anterior process. The basal are articulates posteriorly with a sclerite with two 
lateral processes, the basal plate. Basal are and basal plate form a frame from 
which the connecting tube is everted. The apical lateral parts of the phallobase are 
prolonged into two long processes or ridges in the wall of the connecting tube which 
support it ventrally and laterally. At the distal end of the connecting tube lies a 
U-shaped sclerite which forms a frame from which the aedeagus turns out. This 
sclerite articulates with the aedeagus rod. The sclerite has long arms in some 
species, e.g. C’. sykesii and short arms in others, e.g. C. greeffi. It is absent in 
others. The parameres are small, triangular, rounded, or elliptical sclerites which 
close the genital opening at the apical ventral part of the phallobase. 

In the resting position the connecting tube is invaginated inside the abdomen 
and the aedeagus lies inside it. The aedeagus and the connecting tube are everted 
by contraction of the abdomen and the resulting pressure of the body fluid. Retrac- 
tion is effected by a muscle which originates on sternite 5 and which is inserted 
at the base of the aedeagus. This muscle consists of two parts which originate 
separately at the sides of the sternite. The muscle is formed by spirally arranged 
fibres, as in a rope, which cause the muscle to twist into a knot on contraction. 
The aedeagus inside the connecting tube lies further basally in the resting position 
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than the points of origin of the muscle, and it has to be assumed that the aedeagus 
is either pulled into its position by negative pressure when the contraction of the 
abdomen relaxes or is pushed into position by contraction of the muscles of the anal 
segment. In the everted position the muscle forms a very long strip which runs from 
the sternite around the articulation of the phallobase with the basal are through 
the connecting tube to the base of the aedeagus. The ductus ejaculatorius, which 
opens into the base of the aedeagus, is pulled along into the tube with the muscle. 

In C. ferrarii, C. macrura and other related species there is a type of genitalia 
which resembles in many respects that of Hucampsipoda. There is a more or less 
sclerotized aedeagus with a long apodeme. Phallobase and basal are are either 
fused or articulated. The phallobase has in some species an armature of spines on 
the surface and may be bifid. In C’. macrura and some other species the aedeagus 





Fig. 4. Cyclopodia greeffi. Male genitalia. a, contracted ; b, extended; c, basal are, phallobase, 
and basal plate; aed., aedeagus; b.a., basal arc; b.p., basal plate; r.m., retractor muscle; 
ph., phallobase. 
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is wholly sclerotized. In (. macrura it somewhat resembles that of some species of 
Basilia, being curved and tapering to a point. The aedeagus of (C’. ferrarii is 
membranous in its greater part, and is sclerotized in two lateral arms which are 
broadening apically and bear a number of backwards pointing teeth ventrally near 
the end (Fig. 53). The two lateral arms spread laterally when the aedeagus is 
everted. Its extension is limited by two sclerotized bands, carrying small teeth, 
which run from the base of the aedeagus to the posterior end of the parameres. 
The aedeagus is inflated when extended, apparently resembling the endophallus 
of Eucampsipoda in its function. The parameres are recognizable in C. ferrarii, 
where they form the apical ventral part of the phallobase, but they are not mobile as 
inother genera. In C. macrura they are completely fused with the phallobase. The 
basal plate in these species has become very elongated, with an anterior concavity. 

According to the structure of the genitalia, the form of the anal segment and 
sternite 5 of the male and the segmentation of the abdomen of the female, the 
venus Cyclopodia can be divided into two groups. In C. ferrarii, C. macrura and 
other related species the anal segment of the male is very long and slender, the 
claspers may bear a characteristic armature of spines and the genitalia resemble 
those of Eucampsipoda and Dipseliopoda in having a sclerotized aedeagus with a 
long apodeme. There is, however, no connecting membrane and no endophallus. 
Tergite 5 of the male is as long as, or longer than, tergite 4 and the row of specialized 
spines at the hind-margin of sternite 5, which is present in other species of C'yclo- 
podia, is absent. These species also resemble Eucampsipoda and Dipseliopoda in the 
less reduced segmentation of the abdomen in the female. There is a sclerite on 
tergite 6 and sclerites on sternites 5-7 or 6 and 7. The posterior margins of ster- 
nites and tergites on the membranous part of the abdomen are more or less clearly 
marked by rows of setae. The postspiracular sclerite bears small spines in some 
species as in Hucampsipoda. These species differ from the other species of the genus 
so markedly in the characters mentioned that the creation of a separate subgenus 
for them seems justified, and the name Leptocyclopodia subg.nov. is proposed. 
The other species of the genus have the very much modified genitalia described 
above for UC’. sykesii and C. greeffi. In the female of these species the segmentation 
of the abdomen is so strongly reduced that the limits of the segments are scarcely 
recognizable. There are no sclerites between the basal sclerites and the anal seg- 
ment and sternite 7 is transformed into a genital plate which covers the genital 
opening from the ventral side. (In the subgenus Leptocyclopodia sternite 7 is not 
so modified.) Tergites 5 and 6 in the male of these species are always much shorter 
than 3 and 4 and there is always a row of thick, specialized spines on sternite 5. 
These species will be considered as forming the subgenus C'yclopodia s.str. 


Subgenus Cyclopodia s.str. 
Type species: Cyclopodia sykesii (Westwood) 1835 
Diagnosis. Palps laterally compressed, broad, with short terminal setae. Sclerite 


connecting the thoracic ctenidium with coxa 2 more or less narrowly triangular 
and covered with several rows of setae. Tergites of the male abdomen with either 
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continuous or interrupted marginal rows of setae or short spines. Tergites 5 and 6 
always much shorter than the preceding tergites. Anal segment of the male broadly 
conical, less than twice as long as wide at the base. A row of short thick spines at 
the hindmargin of sternite 5 of the male. Male genitalia: aedeagus membranous, 
without apodeme, completely invaginated inside the abdomen in the resting posi- 
tion. There is a connecting tube which bears a field of spines. Segmentation of the 
abdomen of the female much reduced. No sclerites between the basal sclerites 
and the anal segment, except sternite 7 which is transformed into a genital plate 
with spines at the posterior margin. Anal sclerite absent. 

The subgenus can be divided into the four following groups: 

(1) sykestt group. 10 species. Oriental and Pacific Region. Size 4-5-5 mm. 
Eyes large. Setae on anterior dorsal margin of head and on the vertex present. 
Haltere groove completely closed by a cover which is attached only in its posterior 
part on the median side (Fig. 3). Tergites of the male abdomen with marginal 
rows of setae which are broadly interrupted in the middle. (C. australis, which 
belongs to this group according to all other characters, has a different arrange- 
ment of the marginal rows. There are only short spines on tergites 2 and 3, a group 
of setae in the middle on tergite 4 and continuous rows on tergites 5 and 6.) 
Spines on sternite 5 club-shaped. Spiracles of female abdomen large (80-100,) 
(Fig. 5). Genital plate with thick spines posteriorly. 

(2) pembertoni group. 2 species. Pacific Region. Size 3-5-4mm. Eyes small. 
Tergites of male abdomen with continuous marginal rows. Spines on sternite 5 
club-shaped. Haltere groove partly closed by a narrow flap which is attached 
along its whole length and by a large rounded bulge opposite. Spiracles of female 
abdomen small (50). Vertex either as in sykesii group or bare. Genital plate with 
thick spines posteriorly. . 

One species (C’. minor) is intermediate between the sykesii and pembertoni groups. 
The eyes are large as in the sykesii group. The arrangement of setae on the head 
differs from that of both groups in having only 2 setae at the anterior margin and 
some setae on the posterior part of the vertex. The cover of the haltere groove 
resembles that of the pembertoni group in its being attached to the notopleural 
suture along its whole length, but it is larger, covering the groove nearly com- 
pletely. The marginal rows of the tergites of the male abdomen are interrupted 
on tergites 2 and 3 and continuous on tergites 4 to 6. 

(3) greeffi group. 2 species. Ethiopian Region and Madagascar. Size 4-5 mm. 
Eyes large. Vertex bare, anterior margin of head with 2 setae or bare. Haltere 
groove open. Tergites of male abdomen with continuous marginal rows. Spines 
on sternite 5 not club-shaped. Spiracles of female abdomen small (50j). Genital 
plate with thick spines posteriorly. 

(4) tenuis group. 4 species. Oriental and Pacific Region. Size 2-3 mm. Vertex 
bare. A few setae at the anterior margin of the head. Haltere groove open. 
Tergites of the male abdomen with continuous marginal rows. Spines on sternite 5 
club-shaped. Abdomen of female without any groups of long setae. Spiracles of 
female abdomen small (301). Genital plate with thin spines posteriorly. 
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SYKESIT GROUP 
(1) Cyclopodia sykesii (Westwood) 1835) 
Syn. Cyclopodia hopei (Westwood) 1835) 

Description. Length 4-5 mm. Colour dark brown. 

Head (Fig. 1) dorso-ventrally compressed. Vertex covered with short setae. 
\ row of 6-8 setae at the anterior dorsal margin of the head with a gap in the 
middle. Eyes large with deeply separated ocelli which have the lenses clearly set 
of from the base. Palps broad, with a marginal row of short setae and a terminal 
sta which is about as long as the palp. The marginal setae are longer towards the 
end of the palp. Labella of labium about 1-5 times as long as the theca. A row of 
+6 minute spines at the posterior margin of the theca in each half. 

Thorax (measured at the sternal plate) slightly wider than long, rounded anteri- 
orly. Median suture narrow, indistinct in the middle third. Oblique sutures con- 
rex anteriorly near the median suture, forming an angle of slightly less than 90°. 
Sternal plate covered with short spines except anteriorly, between the ctenidia. 
aspot behind the posterior end of the oblique sutures and another near the pos- 
terior part of the lateral margin. These areas are covered with minute hairs which 
are also scattered between the spines. The posterior margin of the sternal plate 
bears a row of moderately long setae laterally and is bare in the middle. Thoracic 
ctenidia with about 15 thick, blunt, curved teeth with secondary striations. Meso- 
notum widening posteriorly. Mesopleural sutures narrow, slightly curved, with 
3notopleural setae near the base. Haltere groove covered by a triangular cover 
attached in its posterior lateral part. Legs long, tibiae cylindrical, slightly com- 
pressed laterally, with 3 rings of weaker integument in the basal 3/5 of the tibia. 
Afew thin setae of moderate length at the basal margin of the rings. 

Abdomen, male (Figs. 6-7). Tergite 1+ 2 with rounded posterior margin and a 
row of 5 to 6 moderately long setae at the lateral posterior corners. Posterior part 


_ of the surface covered with short spines, some of which are on the otherwise bare 
| posterior margin. Tergite 1 (the membranous area at the base of the sclerite) with 


a group of 25 to 30 small spines. The anterior rows consist of minute spines, those 
of the posterior rows are much larger. Tergites 3 and 4 with straight posterior 
margin and marginal rows of closely standing setae of moderate length in the 
lateral thirds. The middle part is bare except for a few minute spines. Small 
spines are scattered over the surface of the tergites except for an anterior bare 
stripe. Tergites 5 and 6 much shorter than 4, bare on the surface, with marginal 
tows of longer setae and a narrower gap in the middle. Anal segment broadly conical, 
with moderately long setae in the lateral posterior parts of the dorsal surface and 
some long setae posteriorly. Sternite 1+ 2 short, trapezoid, with a ctenidium of 


| about 32 blunt, broad teeth. Surface covered with setae which are very short in 
_ the middle anteriorly and longer laterally. Sternites 3 and 4 with slightly concave 
_ posterior margin which bears a dense row of setae which are longer laterally. 


Surface covered with short setae which are longer laterally and posteriorly. Ster- 
nite 5 longer, with convex posterior margin which bears a row of about 10 short, 
barrel-shaped spines in the middle, slightly before the margin and a row of thin 
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Figs. 5-9. Fig. 5. Abdominal spiracles of a, Cyclopodia sykesii; b, C. greeffi (females). Fig. 6. 


C. sykesii: male, abdomen, dorsal. Fig. 7. C. sykesii: male, abdomen, ventral. Fig. 8. C. 
sykesii: male, genitalia, a, extended; d.e., ductus ejaculatorius; pa., paramere. Other letters 
as in Fig. 4. Fig. 9. C. sykesii: female, abdomen, dorsal. Fig. 9a, genital plate. 
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wtae behind them. There are longer setae at the lateral parts of the posterior 
nargin and shorter setae on the lateral posterior parts of the surface. Anal seg- 
nent with an anterior median bridge ventrally. 

Genitalia (Fig. 8). Claspers straight, slender, tapering to a darkly pigmented 
blunt point, 5-6 times as long as thick at the base. They bear some long setae near 
the base and some shorter setae up to the middle on the dorsal surface. Some very 
short spines in the apical part. Basal are with broad, rounded anterior process, 
rounded shoulders and concave posterior margin. Phallobase triangular, with a 


jong apical hook and a double row of about 12 short setae across the middle. Basal 


plate square with concave anterior margin. Parameres small, narrowly elliptical, 
with 2-3 short setae posteriorly. The aedeagus rod articulates with a leaf-shaped 
apical part. A long U-shaped ridge in the apical part of the connecting tube which 
forms a frame around the base of the aedeagus in the extended position. Aedeagus 
rod 1:3-1-5 mm. long without the apical part. The field of spines of the connecting 
tube covers its whole ventral surface and is as long as, or slightly longer than, the 
aedeagus rod. 

Abdomen, female (Fig. 9). Ovoid in distended specimens, slightly flattened 
dorso-ventrally. Spiracles large (80-90). Tergite 1+ 2 as in the male, but longer 
and there are 5-8 setae at the posterior lateral corners which are longer than in the 
male. The dorsum between tergite 2 and the anal segment is membranous without 
‘any sclerites. It is covered in its anterior 2/3 with minute spines with sclerotized 
bases which stand closer together anteriorly. In the middle of the dorsum is a 
bare area which bears some large, blunt spines on pigmented sclerotized bases. 
Most specimens have 4 such spines, arranged in a square, some have 5 or 6 or 
only 2 or 3 such spines. There are no small spines between the large ones. The 


) 
i posterior third of the dorsum, between spiracles 5 and 6, is covered with about 


ig. 6. 
8. 0. 


otters 





6 rows of very long and strong setae. These setae are separated from the anterior 
‘group of spines by several rows of minute spines. The area behind the setae, in 
front of the anal segment, is bare. The anal segment is short, conical, sclerotized 
and bears a row of 6-8 long setae, which become shorter ventrally, parallel to the 

anal frame on each side. Sternite 1 + 2 as in the male, but longer. Ventral surface 
| of the abdomen covered with short spines which are, however, longer than on the 
' dorsum. They are longest anteriorly in the middle and much shorter in the lateral 
posterior parts of the venter. The last row consists of short spines laterally and 
about 10 long setae in the middle opposite the genital plate. This is roughly square, 
sclerotized laterally, with a bridge connecting both sides, forming an H. It bears 
arow of 6 to 8 short, thick spines on each of the posterior broadened ends of the 
)H. The surface of the plate is covered with short spines. Two groups of 8 to 10 short 
spines at the interior ventral corners of the anal sclerites are covered by the genital 
plate in most specimens. There are no longer setae or bare spaces indicating the 

















margins of segments on the ventral surface of the abdomen. 

Distribution and hosts. C. sykesii has been recorded and material has been ex- 
}amined from the whole Indian Peninsula (except from the North West), from 
Ceylon and the Maldive Islands. Eastwards it has been recorded from N.E. 
Assam and south to Rangoon. Its distribution in Burma, Siam and South East 
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China is not known. Pteropus giganteus and its subspecies are apparently its maip 
hosts. Records from P. vampyrus and other species will have to be checked, 4 
C’. sykesti has not always been separated in the past from C. horsfieldi (see p. 305), 

The record from Judaea in Palestine was probably due to a mistake in labelling 
(Theodor, 1954). 


(2) Cyclopodia horsfieldi de Meijere, 1899 
Syn. (7?) Cyclopodia magna Kishida, 1932 


Ferris (1925) gave figures for specimens from the Philippines. This species 
resembles C’. sykesii so closely in the male that single males cannot be identified. | 
No chaetotactic characters or characters in the genitalia have been found whit 
permit the separation of males of the two species. 

The female differs from that of C. sykesii in the chaetotaxy of the abdomen| 
(Fig. 10). The group of long setae on the posterior part of the dorsum consists of) 
only about 3-4 transverse rows of more widely spaced setae which reach laterally 
further beyond the spiracles than in C. sykesii. This group continues anteriorly in 
a median stripe which reaches the anterior group of large spines in some specimens. 
In others the anterior field of spines and the group of long setae are separated bya 
varying number of rows of the minute spines which cover the rest of the dorsun 
so that some specimens resembie (’. sykesii. Females of C. horsfieldi can, however, 
always be differentiated from C’. sykesii by the presence of longer setae on the! 
pleurae. The setae on the anterior part of the pleurae, anterior and ventral of 
spiracle 4 are much longer than those on the posterior part of the pleurae and on the 
venter. In some very distended specimens faint indications of segmentation can 
be made out, e.g. the marginal rows of sternite 5 may consist of slightly longer setae 
with a narrow bare space behind them. In other equally distended specimens) 
no such indication of segmentation is present. The genital plate is similar to that of| 
C. sykesii, but there are about 10 spines in the posterior row in each half. The group 
of spines at the ventral median corners of the anal sclerites consists of 12—15 spineso! 
varying size. The spiracles are even larger than in C. sykesii, 100-110, in diameter. 

Distribution and hosts. Throughout the Malaysian Region including Celebes " 
the Philippines. Material examined from the Malay Peninsula, Siam near Bang: 
kok, Sumatra, Java, Borneo, Celebes, Bonerate Island near Flores. Philippines. 
(See map no. 1, p. 306.) Recorded from Pteropus vampyrus and subspecies, -" 
from P. alecto (Celebes), P. hypomelanus and its subspecies, P. philippinensis and) 
P. speciosus in the Philippines. 

The close similarity of the males of (. horsfieldi and C. sykesii and the varie 
bility of the female of C. horsfieldi suggest that C. horsfieldi is possibly only a sub 
species of C’. sykesii, replacing it in the Malaysian Region. This, however, can onl| 
be decided when more material from Burma and neighbouring countries, wher | 
both species may occur together, will be available. 

Kishida (1932) described Cyclopodia magna. According to the figure of the male.| 
this species belongs to the sykesii group as it shows interrupted marginal rows off 
setae on the abdominal tergites. Kishida mentions in the description of the female 
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that ‘the posterior part of the dorsum is covered with many long setae’, and ‘it 
occurs on big bats from the south of Japan to the Philippines’. It is thus possibly 
identical with C’. horsfieldi which occurs in the Philippines and perhaps further 
north. The distribution of a number of Oriental species of Nycteribiidae extends 
into the southern part of the Palaearctic Region in the Far East. Ellerman & 
Morrison Scott (1951) and Eisentraut (1944) do not mention any species of Ptero- 
pidae from Southern Japan proper, but give the Riu Kiu Islands as the most 


0-25 mm 





10a 


Figs. 10, 11. Fig. 10. Cyclopodia horsfieldi: female, abdomen, dorsal. a, genital plate. 
Fig. 11. C. similis: female, abdomen, dorsal. a, genital plate. 
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northern point of their distribution. Kishida does not give an exact locality fy 
Cyclopodia magna but he includes the Riu Kiu Islands and Formosa in the apy, 
he calls Southern Japan in his descriptions. 


* (3) Cyclopodia similis Speiser, 1901 

Length 5 mm. Colour reddish brown. Head, thorax and legs as in C. sykesii, 

Abdomen, male also as in C. sykesii in general. The minute spines on tergite | ax 
only 18 to 22 in number and the posterior spines are not much longer than the 
anterior ones. 

Genitalia. Claspers 4 times as long as broad at the base. Basal are with slopin 
shoulders and long anterior process. Phallobase with narrow, long hook and a 
irregular double row of setae across the base. Parameres narrowly triangular with 
2 rather long setae at the end. Aedeagus rod 0-85 mm. long. Field of spines a 
long as the aedeagus rod (Fig. 77c). 

Abdomen, female (Fig. 11). Tergite | +2 as in C. sykesii, but the number of seta 
in the lateral posterior corners varies from 2 to 6. Dorsum of abdomen covere 
with minute spines. In the middle of the dorsum there is an oblong group con. 
sisting of 7 to 12 large blunt spines on sclerotized bases anteriorly and 7 to 1! 
moderately long setae posteriorly. A row of long setae, at the posterior border of the 
dorsum, between spiracles 6. Two groups of long setae, each consisting of 6-8 setae 
in 2-3 rows lateral to spiracle 6. These setae are separated from the dorsal group by 
a broad space covered with minute spines. In one specimen there are only 3 setae 
lateral to spiracle 6 and the row across the middle is missing. In this specimen the 
dorsal group consists of 7 spines and 7 setae. Anal segment as in C. sykesii 
Sternite 1+ 2 short, with a ctenidium of 38—40 teeth. Ventral surface covered with 
short spines. In some distended specimens some narrow bare spaces exist between 
the sternites, best marked between sternites 5 and 6, and there are a few longer 
setae in the posterior row of sternite 5. There is a row of moderately long setae in 
the middle of the marginal row of sternite 6, opposite the genital plate. This 
square, consisting of two lateral sclerites which are not connected by a bridge a 
in C’. sykesii, but separated by a Y-shaped membranous median stripe, the wide 
part of which is anterior. There are about 8 spines, which are longer than it 
C. sykesii, at the posterior margin in each half. The group of spines at the ventral 
median corners of the anal sclerites consists of 7-8 spines. The surface of the latera 
sclerites of the genital plate is covered with short spines. There is a group of about 
12 long setae on the pleurae between spiracles 4 and 5 in some specimens. In one 
specimen with otherwise normal development of setae there are only 2 such setae 
and in the above-mentioned specimen, with reduction of the posterior groups, thi 
group is fully developed. 


Material examined. New Britain, Pteropus neohibernicus, 2 cotypes (Dahl.) Larat. 
Tanimbar Islands, 5 specimens (Muir). (Specimens discussed by Scott, 1932. 
Speiser mentions a specimen from P. melanopogon, also from New Britain, and 
specimens from New Ireland from P. celaeno. 
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(4) Cyclopodia albertisi Rondani, 1878 
Syn. C. pteropus Rainbow, 1904 


Length 4-5 mm. Specimens from the Kei Islands 5-6 mm. Colour reddish to 
dark brown. 

Head similar in general as in C. sykesii (Fig. 12). The anterior part of the vertex 
iscovered with 25-30 short setae, not counting those at the anterior dorsal margin. 
About 40 such setae on the vertex in the specimens from the Kei Islands. Thorax 
and legs as in C’. sykesit. 

Abdomen, male as in C. sykesii in general. Only 12-20 
minute spines on tergite 1 of which the posterior ones 
arenot much longer than the anterior spines. 5—6 rather 
short setae at the posterior lateral corners of tergite 2. 
Sternites 1 + 2 with a ctenidium of about 30 teeth, 38 in 
specimens from the Kei Islands. 

Genitalia (Figs. 13b, 776). Phallobase with a broad, 
short hook and about 3 transverse rows of setae on the 
base. Parameres broadly elliptical, with 2 short hairs. 
Aedeagus rod 0-75-0-8 mm. long, 0-9 mm. in the speci- 
mens from the Kei Islands. The field of spines on the Fig. 12. Cyclopodia 
connecting tube dark and dense, as long as the aedeagus —qyportigi: head, dorsal. 





rod, or slightly longer. 

Abdomen, female (Fig. 14). Tergite 1+2 as in C. sykesii, except for the group 
of minute spines on tergite 1 which are only 12-20 in number. 3-5 moderately 
long setae at the posterior lateral corners. Dorsum of abdomen covered with 
minute spines. A group of large spines on a bare area in the middle of the dorsum. 
There are 4 such spines in most specimens from Australia, only 1-2 or 5-7 in some 
specimens. There is no group of long setae immediately behind this group of 
spines as in ('. similis. 2 groups of long setae at the posterior lateral corners of the 
dorsum, between spiracles 5 and 6 These groups consist of 6—7 setae in some speci- 
mens and only 2 or 3 in others. In a few specimens from the Palau Islands there 
are 2-4 long setae in the centre of the triangle formed by the anterior group of 
spines and the two posterior groups of setae. Sternite 1+2 with a ctenidium of 
36 teeth. Ventral surface covered with short spines which are longer anteriorly at 
the sides and posteriorly in the middle. Narrow bare spaces in distended specimens 
between sternites 4 and 5 and sternites 5 and 6. A row of about 10 long setae in 
the posterior row of sternite 6, opposite the genital plate. This is square, consisting 
of two roughly triangular lateral sclerites which are covered with short hairs. 
The sclerites are separated by a membranous area which is wider anteriorly and 
has 2 branches posteriorly. The posterior margins of each half are rounded and 
bear about 8 short spines. Some long and some shorter spines in the ventral 
median corners of the anal sclerites. The specimens from the Palau Islands show a 
difference from the Australian specimens in the number of large spines on the dor- 
sum of the abdomen of the female, which is statistically significant. 21 out of 43 
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specimens had only 2 spines, while 12 out of 26 of the Australian specimens hag 





4 spines. 
No. of spines on the dorsum 
jis —~. ‘ 
0 , 3 4 5 6 7 
Palau 3 3 21 10 3 2 1 1 Mean: 2°6+ 0-21 (S.E.) 
Australia 1 1 5 12 3 2 2 Mean: 4-1 + 0-26 (s.z.) 


No material from the type locality was available, so that the creation of subspecies 
has to be postponed. 





0:25 mm. 


Fig. 13. Basal and phallobase of male genitalia of: a, Cyclopodia oaycephala; b, C. albertisi 
c, C. bougainvillensis sp.nov.; d, C. ponapensis sp.nov.; e, C. inclita. 
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Distribution and hosts. Motuccas: Goram (type locality). New Guinea: Kei 
and Salawati Islands. AusTRaLiA: N.E. Queensland, Sydney, Pteropus gouldi, 
P. conspicillatus, P. poliocephalus. PaLau IsLanps: Pteropus pelewensis (Strong). 
(See map no. 2.) 
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Figs. 14, 15. Fig. 14. Cyclopodia albertisi: female, abdomen, dorsal. a, genital plate. 


Fig. 15. C. australis sp.nov.: male, abdomen, dorsal. 


Parasit. 49 
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(5) Cyclopodia australis sp.nov. 

This species occurs together with C’. albertisi and resembles it in many respects, 
particularly in the female, so that it has not been separated from (’. albertisi in the 
past. 

Description. Resembling C’.. albertisi in general, differing as follows: 

Head. Only 8-10 short setae on the vertex between the eyes, not counting those 
at the anterior dorsal margin. 

Thorax. Notopleural setae absent in 4 specimens, in one specimen a small 
notopleural seta on one side only. Cover of haltere groove as in C. albertisi. 

Abdomen, male (Fig. 15). The marginal rows of tergites 2 and 3 consist of very 
short spines, like those on the surface of the tergites. 2-4 spines at the lateral 
posterior corners of tergite 2 longer than the others. There are no long setae in the 
marginal rows of these tergites at all. Tergite 4 with a group of moderately long 
setae in the middle third of the margin and short spines in the lateral thirds. 
Tergites 5 and 6 with continuous marginal rows of moderately long setae. There 
may be a small gap in the middle of tergite 6. Surface of tergite 2 covered with 
short spines in its posterior half, tergites 3 and 4 completely covered with short 
spines, tergites 5 and 6 bare. Tergites 5 and 6 of about equal length, while in 
C. albertisi tergite 6 is shorter than 5. Sternite 5 with a row of 12-15 club-shaped 
spines in the middle of the hind margin. 

Genitalia. The connecting tube is wholly covered with short, triangular spines 
(Fig. 77h). The aedeagus rod is rather thick and tapers apically to a fine point. It 
is 0-9 mm. long including the apical point which is bent backwards in some speci- 
mens. 

Abdomen, female. There is no anterior group of large spines in the centre of the 
dorsum in the single female examined. The groups of setae at the posterior lateral 
corners of the dorsum consist of 9-11 long setae which are more widely spaced 
than in C. albertisi. Genital plate square, with an indistinct, narrow, median mem- 
branous stripe covered with isolated short setae. Ventral surface of anal sclerites 
completely covered with short spines up to the anus. 

Material examined. Townsville, Queensland, Pteropus gouldi, 1 3 (Lee) type. 
Darwin, Northern Territory, 2 3 1 2 (para and allotype). Mary River near Darwin 
1 3. (British Museum, Nat. Hist.). 


(6) Cyclopodia oxycephala Bigot, 1860 
The species has been re-described by Falcoz (1923). 
Length 4-5 mm. Colour dark brown. 
Head similar as in C. albertisi. The group of short hairs on the vertex consists of 
25-30 hairs which extend only a short distance behind the eyes, leaving the greater 


posterior part of the vertex bare. 
Thorax and legs as in C. sykesii. 3-5 notopleural setae. The rings on the tibiae 
lie close together in the basal half, the apical ring at half the length of the tibia 
Abdomen, male, as in C. albertisi. Sternites | + 2 with a ctenidium of 36-42 teeth. 
None of the specimens examined had 48 teeth as stated by Faleoz. 
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Genitalia (Fig. 13a). Phallobase with a short, broad hook, deeply concave 
basally and with a W-shaped row of setae on the base. Aedeagus rod 0-8—0-9 mm. 
long. The field of spines of the connecting tube covers about three-quarters of the 
length of the rod in the resting position. Parameres elliptical with 2 or 3 short 


hairs. 





0:25 mm. 


Fig. 16. Cyclopodia oxycephala: female, abdomen, dorsal. a, genital plate. 


Abdomen, female (Fig. 16). Tergite 1+ 2 as in C. albertisi. Dorsum of abdomen 
covered with minute spines without any longer spines or setae. Ventral surface 
covered with spines which are longer than on the dorsum. Some slightly longer 
spines in the middle of the marginal row of sternite 5 and about 8 long setae in the 
middle of the marginal row of sternite 6. Narrow bare spaces discernible between 
the sternites in distended specimens. Genital plate broader than long, consisting 
of 2 lateral sclerites with 6-8 short hairs on the surface and a square median 
membranous area. A row of about 10 short spines at the posterior margin in 
each half. About 5 small spines in the median ventral corners of the anal 
sclerites. 


17-2 
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Distribution and hosts. New Caledonia, Loyalty Islands (type locality). New 


Hebrides. 


Material examined. Loyalty Islands (type series). New CALEDONIA: Ubatche, 
Paita, Pteropus ornatus (Nicholson); Moindy, P. geddiei. New HEBRIDEs: Male. 
kula, Ounua (Cheesman); Havanna Harbour, Efate Island (Dumbleton); Hog 
Harbour, Espiritu Santo. P. eotinus, P. geddiei (Baker); same locality and hosts, 


about 50 specimens (Fritts, Johnson, Wharton). 


(7) Cyclopodia inclita Falcoz, 1927 


Length 3-5—4-5 mm. Colour reddish to dark brown. 


Head (Fig. 17). Vertex with a triangular group of about 12 short hairs between 
the eyes, bare in the posterior two-thirds. A longer and 1 or 2 shorter setae on each 
side of the anterior dorsal margin, only short setae in some specimens. Labella 


of labium as long as the theca. 
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Figs. 17-19. Cyclopodia inclita. Fig. 17. Head, dorsal. Fig. 18. Male, genitalia 
extended. Fig. 19. Female, abdomen, dorsal; a, genital plate. 
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Thorax and legs as in C. oxycephala. 2 to 3 notopleural setae. 

Abdomen, male, as in C. albertisi, with short setae at the lateral posterior corners 
of tergite 2. The marginal setae on tergites 3-6 are shorter than in C. albertisi 
and (. oxycephala in most specimens, but not in all. Abdominal ctenidium with 
36 teeth. Sternite 5 with the posterior margin only slightly convex. 

Genitalia (Figs. 13e, 18). The genitalia resemble those of C. oxycephala, but the 
basal bulb of the connecting membrane is absent. Instead of a basal bulb, which 
lies apical to the phallobase in other species in the extended position, there is here 
a ventral widening of the connecting tube near its junction with the abdomen. The 
aedeagus rod is very short, 0-6—0-7 mm. long, with a long, membranous apical 
prolongation. The field of spines is also very short, covering only about half the 
length of the rod (Fig. 779). 

Abdomen, female (Fig. 19). 4-5 short setae at the lateral posterior corners of 
tergite 2; 10-16 minute spines on tergite 1. Dorsum covered with minute spines on 
sclerotized pigmented bases. In the middle of the dorsum an oblong group of 
20-30 long, thin setae in transverse rows of 4-6. In some specimens a few spines 
in the anterior rows of the group. Several rows of minute spines behind the group 
of long setae. Only 4-5 short setae around the anal frame on the dorsal side. 
Ventral surface covered with short spines. Some longer spines in the marginal 
row of sternite 5 and 8-10 long setae in the middle of the marginal row of sternite 6, 
opposite the genital plate. Genital plate rectangular, broader than long, consisting 
of 2 lateral sclerites which are covered with small hairs. They are separated by a 
median membranous stripe. About 8 short spines at the posterior rounded margin 
in each half. A few minute spines at the median ventral corners of the anal 
sclerites. 

Distribution and hosts. Samoa: Upolu, Apia. Pteropus tonganus, P. samoensis 
(type series) (Buxton and Hopkins). Fist IsLtanps: Viti Levu (Lever); Tamavua, 
Yuna Taveuni (Symes). 


(8) Cyclopodia minor Speiser, 1901 


Speiser’s description is incomplete in essential characters. Scott (1932) re- 
examined specimens of the type series and gave figures of the abdomen of male and 
female. Two male specimens from Ponam in the Admiralty Islands are ascribed 
to this species. The description of the male is based on these specimens and that of 
the female is given after Speiser and Scott. 

Length 3-7-4 mm. Colour dark brown. 

Head (Fig. 20). 2 long setae at the anterior dorsal margin near the eyes. A group 
of 10-12 rather long setae in the posterior half of the vertex. Anterior part bare. 
Eyes large as in the sykesii group. 

Thorax in general as in the sykesii group, but the haltere groove resembles the 
arrangement in the pembertoni group (Fig. 21). The cover of the groove is attached 
to the notopleural suture along its whole length, not only in its posterior part, and 
dues not cover the groove completely. The lateral bulge is reduced, but formed as 
in the pembertoni group. There are 2 notopleural setae. 

Abdomen, male (Fig. 22). Tergite 1 with a group of 12-15 minute spines. Tergite 2 
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with 8-10 moderately long setae at the lateral parts of the posterior margin, 
Surface covered with short spines except in the anterior lateral corners. Tergite 3 
with a similar marginal row with a wide gap in the middle. (Speiser states that 
the marginal rows of all tergites are continuous.) Surface covered with small 
spines except in some patches anteriorly. Tergites 4-6 with continuous, dense 
marginal rows with a small gap in the middle of tergite 4. A group of very small 
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Figs. 20-22. Cyclopodia minor. Fig. 20. Head, dorsal. Fig. 21. Haltere 
groove. Fig. 22. Male, abdomen, dorsal. 


spines in the middle of the surface of tergite 4, tergites 5 and 6 bare. Tergites 5 and 6 
are much shorter than the preceding tergites. Anal segment broad, truncate, with 
moderately long setae in the lateral parts of the dorsal surface. Abdominal 
ctenidium with 33-38 teeth. Sternites 3-4 with dense marginal rows of moderately 
long setae and short spines on the surface. Sternite 5 much longer than 4, with 
convex posterior margin which bears 6 barrel-shaped spines in the middle and 
moderately long setae laterally. There is a premarginal row of 7 to 8 long setae on 
each side and short spines on the posterior part of the surface. 

Genitalia. Claspers broad, 4 times as long as thick at the base. They bear two 
long and some shorter setae dorsally near the base. Phallobase with short apical 
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hook and with a double row of setae on the base. Parameres elliptical with 3-4 
short hairs. Aedeagus 0-75 mm. long. Field of spines nearly as long as the rod. 

Female. Tergite 1+2 broad, its surface covered with short hairs. Posterior 
margin shallowly sinuate. About 7 rather long setae at the lateral posterior 
comers. Dorsum of abdomen covered with minute spines. Some longer setae on 
the pleurae anteriorly and a transverse row of longer setae, which is interrupted 
in the middle, at the hindmargin of sternite 4. Ventral surface otherwise covered 
with short spines. No long setae on the dorsum. Anal segment conical, with a 
row of long setae around the anus. Genital plate suboblong, with curved hind- 
margin which bears about 6 short spines in each half. The genital plate is sclero- 
tized at both sides, membranous in the middle. There are 2 irregular rows of very 
short spines obliquely across each half of the plate. 

This species is intermediate in several respects between the sykesii and pember- 
toni group. The eyes are large as in the sykesii group. The arrangement of the setae 
on the vertex differs from that in both groups. The haltere groove has a flap which 
covers it nearly completely, but is attached along its whole length. The marginal 
rows of the tergites of the male abdomen are broadly interrupted on tergites 2 and 
3as in the sykesit group and are continuous on tergites 4-6 as in the pembertoni 
group. Scott identified specimens from the Solomon Islands tentatively as C’. minor 
and this was published by Thompson (1937). Re-examination of these specimens 
has shown, however, that they belong to a new species of the tenuis group and 
they are described below as C. solomonarwm sp.nov. 

Distribution and hosts. New Britain, Matupi Island. Pteropus admiralitatum. 
(Dahl) (type series. ) 

Material examined: ADMIRALTY ISLANDS: Ponam Island. P. neohibernicus, 2 33 
(Wharton). 


(9) Cyclopodia bougainvillensis sp.nov. 

Length 4-4-5 mm. Colour dark brown. 

Head. 2 long and several shorter setae on the anterior dorsal margin. A group 
of 20-25 short hairs on the vertex between the eyes which leaves the posterior 
two-thirds of the vertex bare as in C. oxycephala. Eyes large. Labella of labium 
as long as the theca. 

Thorax and legs as in C’. oxycephala. 2-3 notopleural setae. 

Abdomen, male. Tergite 2 with 4-5 short setae in the posterior lateral corners. 
Otherwise as in (’. oxycephala. 

Genitalia. Claspers 4-5 times as long as broad at the base. Phallobase with broad 
apical hook, a deep basal incision and a W-shaped row of about 16 setae on the 
base (Fig. 13c, 77e). Aedeagus rod 0-8 mm. long. Field of spines on the connecting 
tube covering three-quarters of the length of the rod. Parameres elliptical with 
3-4 short hairs. 

Abdomen, female (Fig. 23) resembling C. inclita in having only a single group of 
long setae on the dorsum. The group consists, however, of only 11-15 setae in 
most specimens as against 25-30 in C. inclita. The group is situated farther back 
than in (’. inclita near the posterior border of the spiny area of the dorsum. 
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Anteriorly to the group of long setae there is in most specimens a group of 
2-3 spines which are larger than the others covering the dorsum, but much smaller 
than, for example, in C. albertisi. One specimen had only 1 such spine, 1 had 4 
and they were absent in one specimen. Genital plate rectangular, consisting of 
2 lateral sclerites with a wide median membranous stripe. 8—10 short spines at the 
posterior margin in each half. 

This species differs from (. inclita in the male genitalia which resemble those 
of C’. oxycephala, and in the female in the presence of a group of spines anteriorly 
to the group of long setae. The number of long setae is much smaller than in 
C’. inclita and their position is different. 


05mm. 


25 





24 


Figs. 23-25. Fig. 23. Cyclopodia bougainvillensis sp.nov.: female, abdomen, dorsal. a. genital 
plate. Fig. 24. C. ponapensis sp.nov.: female, abdomen, dorsal. a. genital plate. Fig. 25. 
C. pembertoni: male, abdomen, dorsal. 


Material examined. Souomon Istanps: Bougainville, Cape Torokino, Pteropus 
grandis, 2 3, 2°, type series (U.S. National Museum): P. mahaganus, Pteralopex 
anceps, Pipistrellus ponceleti, 4 3, 42, paratypes (Carver, Fritts, Johnson, Whar: 
ton); Guadalcanal, Pteropus rubianus, 2 3. 39 (Nicholson): Balesuna, Guadal- 


canal, Pteropus sp., 1 2 (Lever). 
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(10) Cyclopodia ponapensis sp.nov. 

Length 4-5 mm. Colour dark brown. 

Head. 2 long and several short setae on the anterior dorsal margin. A group of 
18-25 short hairs on the anterior part of the vertex leaving the posterior half 
bare. Eyes large. Labella of labium longer than the theca by one-third. 

Thorax as in C. albertisi. 1-2 notopleural setae. 

Abdomen, male. About 16 minute spines on tergite 1, the posterior spines longer 
than the anterior ones. About 8 rather short spines on the posterior lateral corners 
of tergite 2. About 35 teeth in the abdominal ctenidium. Posterior margin of 
sternite 5 convex with about 8 short club-shaped spines in the middle. 

Genitalia (Fig. 13d, 77f). Claspers broad. Phallobase with broad apical hook. 
Two groups of 5—6 setae on the base. Aedeagus rod 0-7 mm. long, field of spines 
nearly as long as the rod, very similar to that of C. albertisi, but shorter. 

Abdomen, female (Fig. 24). Tergite 2 with 6-8 short setae in the posterior lateral 
corners. Dorsum covered with small spines which are larger than in other species. 
Inthe middle of the dorsum an oblong group consisting of 5-6 very long and strong 
spines anteriorly and 8-10 long setae posteriorly. On the ventral side the posterior 
margin of sternite 5 is well marked by longer setae and a bare space behind them. 
About 6 long setae in the middle of the marginal row of sternite 6. Genital plate 
rectangular, with 2 lateral sclerites separated by a membranous stripe which 
widens anteriorly and posteriorly. About 10 short spines on the posterior margin 
in each half. 

This species resembles C’. inclita in the female, but differs from it in the chaeto- 
taxy of the vertex and the group of setae on the dorsum of the abdomen. The 
male of C'. ponapensis resembles C. albertisi in the chaetotaxy of the vertex and 
in the genitalia. 

Material examined. CaRroLINE IsLANps: Ponape Island, Colonia, Pteropus 
molossinus. 3 3, 32 (type series) (Dybas, Thomas, Hurlbut). (Chicago National 
History Museum.) 


PEMBERTONI GROUP 
(11) Cyclopodia pembertoni Scott, 1932 


Length 3-5-4 mm. Colour reddish brown. 

Head. Vertex and anterior margin bare. Eyes small, with ocelli less deeply 
separated than in the sykesii group, with shallow, small lenses. Antennae rounded 
anteriorly. Palps widening apically. with long terminal seta, 3-4 short setae at 
the dorsal margin, and a denser row at the ventral margin. Labella of the labium 
nearly twice as long as the theca. 5-6 minute spines at the posterior margin of 
the theca in each half. 

Thorax. Median ventral suture indistinct in the middle. Angle of oblique sutures 
about 90°. Mesonotum slightly wider posteriorly with a small, rounded posterior 
plate. The posterior part of the notopleural sutures forms a flap-like expansion 
which covers the haltere groove partly from the median side. Opposite this flap 
there is a large rounded bulge which narrows the opening of the haltere groove from 
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the side so that only a narrow gap remains open (Fig. 36). ‘Two rather long noto- 
pleural setae. Thoracic ctenidium with about 15 blunt teeth. Legs rather short. 
tibiae 4 times as long as wide in the middle, tapering towards both ends. Tibial 
rings close together, in the basal half of the tibia. 

Abdomen, male (Fig. 25). Tergite 1 with 6-8 minute spines. Tergites 2 to 6 with 
continuous marginal rows of moderately long and shorter setae. A small gap in 
the middle of the rows of tergites 5 and 6. Tergite 2 with about 3 rows of short 
spines on the surface near the posterior margin. Tergites 3 and 4 covered with 
short spines in the posterior two-thirds and tergite 5 with an irregular double row of 
short spines in the middle. The marginal setae of tergites 5 and 6 are considerably 
longer than those of tergites 2 to 4. Tergite 6 bare. Analsegment conical, flattened, 
covered with moderately long setae except for a median stripe, which widens 
anteriorly. Sternite 1+ 2 very short, with a ctenidium of about 40 teeth. Surface 
covered with short spines except for two patches in the middle. Sternites 3 and 4 
with dense marginal rows of moderately long setae which are shorter in the middle. 
Surface covered with short spines. There is a premarginal row of upright setae 
which are as long as, or longer than, the setae of the marginal rows in the lateral 
thirds. The posterior margin of sternite 4 is concave. Sternite 5 not much longer 
than 4, with slightly convex posterior margin which bears about 10 short, club- 
shaped spines in the middle and a series of thin setae between them. Lateral 
parts of the posterior margin with moderately long setae. Surface covered with 
short spines and short setae in the posterior half and one or two premarginal rows 
of long upright setae laterally. 

Genitalia. Claspers nearly parallel-sided up to the middle, tapering from there 
to a sharp pigmented point. Basal are with sloping shoulders and broad anterior 
process. Phallobase triangular, with a short hook and a V-shaped row of about 
10 setae on the base. The anterior ventral processes of the phallobase are very 
long, ribbon-shaped and unite at about half length of the connecting tube, forming 
a long process. Parameres elliptical with 2-3 minute hairs and a small basal pro- 
cess. Aedeagus rod 0-7 mm. long, thick, with an apical membranous part. Con- 
necting tube with a field of spines which is as long as the rod. 

Abdomen, female (Figs. 26, 27). Abdomen much wider than long, widest pos- 
teriorly, trapezoid in dorsal view in distended specimens, flattened dorsoventrally. 
Tergite 1+ 2 triangular with a convex posterior margin which bears a row of long 
setae. These are shorter and more widely spaced laterally. The posterior median 
part of the surface is covered with short setae and there are several long pre- 
marginal setae laterally. 

Dorsum covered with raised, cone-shaped, pigmented tubercles which bear 
short spines anteriorly and long setae posteriorly. These setae are longest in the 
median posterior part of the dorsum. The transition from short spines to long 
setae is abrupt in the middle of the dorsum where a row of long setae follows a 
row of short spines. It is gradual at the sides where moderately long setae expand 
onto the pleurae. The anal segment is truncate, sharply set off from the abdomen 
and bears a row of long setae around the anus. Sternite 1 + 2 as in the male, very 
short. Ventral surface covered with similar tubercles as the dorsum. These bear 
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short setae and there are a number of longer setae, some of which probably indicate 
the limits of segments. There are, however, no recognizable bare intersegmental 
gaces. 4 to 6 of these longer setae stand in rows which are probably the hind- 
nargins of sternites 4 and 5, and 4-6 such setae stand at the sides of the marginal 
row of sternite 6. The genital plate is sclerotized throughout with a basal curved 
horn which is covered with short spines. The apical part of the plate is bare and 
hears a row of 9—13 short spines in each half of the nearly straight hindmargin. 
There is a group of about 10 short spines on the medium ventral corners of the 
anal sclerites which is generally covered by the genital plate. 
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Figs. 26, 27. Cyclopodia pembertoni. Fig. 26. Female, abdomen, dorsal. 
Fig. 27. Female, abdomen, ventral. a, genital plate and anal segment, lateral. 


Distribution and hosts. Fist IsLanps: Lami, Viti Levu (Pemberton), type series; 
Kalabu caves, Insectivorous bat (Symes); Colombo cave, Suva, Fiji, Notopteris 
macdonaldit (Wonder). (Crane Pacific Expedition 1929.) 

The apparently regular occurrence of a Cyclopodia on an insectivorous bat is 
exceptional for the genus. 


(12) Cyclopodia macracantha sp.nov. 

Length 4 mm. Colour dark brown. 
Head (Fig. 28a). Eyes small as in C. pembertoni, but with prominent, rather 
small lenses. Ocelli deeply separated. Anterior dorsal margin with a row of about 
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10 setae which are shorter in the middle. Behind the marginal row, between the 
eyes, about 20 short hairs in 2 to 3 rows. Vertex otherwise bare. The anterior 
marginal row continues onto the anterior ventral margin and there are 6-10 setae 
on the genae. Palps parallel sided, tapering towards the tip. There are 3 short 
recumbent hairs near the base on the dorsal edge and 4 upright, more widely 
spaced setae further distally. Terminal seta as long as the palp. The row on the 
ventral edge of the palp consists of 8-10 closely standing setae which grow longer 
towards the tip. Labella of the labium slightly longer than the theca. 

Thorax slightly wider than long. Angle of oblique sutures about 90°. Dorsal 
surface similar as in (’. pembertoni, except that there are about 8 notopleural setae 
in a dense group. Haltere groove similar as in (’. pembertoni, but the median flap 
is broader. covering the groove nearly completely (Fig. 28). 

Abdomen, male (Figs. 29, 30). Spiracle 1 is included in tergite 1 + 2 and does not 
lie in the pleural membrane as in most other species. There are 1-3 short spines 
lateral toit. About 15 minute spines in the membrane of tergite 1. Marginal rows of 
tergites 2-6 continuous. The marginal row of tergite 2 consists of very short spines 
in the middle and of longer spines laterally in some specimens and of longer spines 
throughout in others. A triangular field of short spines covers the posterior part of 
the surface. The marginal rows of tergites 3 and 4 are similar and the setae vary 
also very much in length in different specimens. Surface covered with short spines 
which stand more closely in the middle. Tergites 5 and 6 very short, bare on the 
surface, with marginal rows which consist of long upright setae laterally and some 
shorter setae between them. A small gap in the middle of the rows. Anal segment 
broad. conical, covered with moderately long setae dorsally, leaving a median 
stripe bare. Sternite 1+2 rectangular with a ctenidium of about 40 blunt teeth. 
Surface densely covered with short spines which are short anteriorly and much 
longer laterally and posteriorly. Sternites 3 and 4 with slightly concave hind- 
margin which bears.a dense row of moderately long and shorter setae. Surface 
covered with short spines anteriorly and short setae posteriorly and laterally. 
There is a premarginal row of upright setae. Sternite 5 shorter than 4, rectangular, 
with straight posterior margin. There is a row of about 18 very long, peculiar 
spines in the middle of the posterior margin. Some of these spines are longer than 
the segment, others are shorter. Longer and shorter spines alternate. The spines 
do not taper, but have a truncate tip with a short point which is directed laterally 
in each half. Anterior to this group, very close to it, there is another row of about 
8 spines which are about half as long as those of the marginal row, standing close 
together. These spines have normal points. Lateral to the marginal group of long 
spines there are some ordinary short setae. Some shorter setae and short spines 
cover the posterior lateral part of the surface. Anal segment ventrally also covered 
with short setae. The frame formed by the anal segment around the genital area 
has two lateral processes anteriorly which are more prominent than in other 
species, forming a narrow neck for the basal part of the frame in which the tips of 
the claspers rest. 

The lateral parts of the tergites and sternites are coloured more darkly than the 
middle in most specimens. 
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Genitalia (Fig. 31). Claspers very slender, 6—7 times as long as wide at the base, 
tapering to a long pigmented tip. A long seta and 2 shorter ones dorsally near the 
base and a double row of short setae and short spines in the basal half which become 
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Figs. 28-31. Cyclopodia macracantha sp.nov. Fig. 28. a, head, dorsal; b, haltere groove. 


Pig. 29. Male, abdomen, dorsal. Fig. 30. Male, abdomen, sternite 5 and genital area. 
Fig. 31. Male, genitalia, basal arc and phallobase. a, hook of phallobase. 
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gradually shorter towards the tip, where they are minute. Basal arc triangular with 
a long anterior process. Phallobase with a long hook which has a spatulate or 
bifid tip. A V-shaped row of setae on the base, reaching nearly to the base of the 
hook. 5-7 setae in each arm of the V. Aedeagus rod simple, 1-1 mm. long, pointed 
apically with a short apical membranous part. The field of spines of the connecting 
tube is as long as the rod. 
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Figs. 32-53. Cyclopodia macracantha sp.nov. Fig. 32. Female, abdomen dorsal. a, dorsal 
hump, dorsal in a specimen with large spines instead of setae. Fig. 33. Female, abdomen, 
lateral (specimen with spines on dorsal hump instead of setae). a, genital plate and anal 
segment. 


Abdomen, female (Figs. 32, 33). Tergite 1+ 2 with a marginal row which consists 
of short or very short spines in the middle. They become gradually longer towards 
the sides and there are moderately long setae in the lateral corners. Surface 
covered with short spines in the posterior half, reaching further anteriorly in the 
middle. Dorsum covered with short spines. In the middle of the dorsum, on 4 
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hump in distended specimens, a crescent-shaped group of about 50 long setae. 
These setae are very long and thick in the middle of the group, standing on widely 
spaced, darkly pigmented tubercles, and smaller and standing more closely 
laterally. In some specimens some or all of the large setae are replaced by very 
long, thick spines (Fig. 32a). At the posterior margin of the spinose area of the 
dorsum, in front of the anal segment, a row of about 8 long setae on large 
tubercles similar to those in the middle of the dorsal group. Sternite 1+ 2 as in 
the male with a ctenidium of 40—44 teeth. Venter covered with short setae, and 
there are rows of 6-8 longer, upright setae in the marginal rows of sternites 3-5. 
Sternite 6 with deeply concave posterior margin and only short setae in the mar- 
vinal row. Genital plate (Fig. 33a) shield-shaped with the point anteriorly, and 
covered with short spines except in a stripe along the posterior margin. Posterior 
margin curved in each. half and bearing there about 15 closely standing spines. 
Ventral corners of the anal sclerites covered with short spines. 

Distribution and hosts. Sotomon Istanps: Fatura. Isabel Island, Dobsonia 
inermis, 1 g (Lever), type (British Museum, Natural History); Tunnibuli, Isabel 
Island, Pteropus sp., 2 3, 29, Crane Pacific Expedition, 1929, allotype and para- 
types (Chicago Natural History Museum); Webster cave, Kolombangara, Crane 
Pacific Expedition, 1929, 1 g, 12; Cape Torokino, Bougainville, P. mahaganus, 
P. solomonis, 2 3, 22 (Carver, Johnson), paratypes (U.S. National Museum); 
Lunga, Guadalcanal, P. woodfordi, 1 3 (Lever), paratype (British Museum, Nat. 
Hist.). 

GREEFFI GROUP 
(13) Cyclopodia greeffi Karsch, 1884 
Syn. Cyclopodia rubiginosa Bigot, 1891 
Length 4mm. Colour reddish brown. 
Head. Vertex bare. Two setae at the anterior dorsal margin and a row of short 


setae beginning near the eyes on the anterior ventral margin. Genae bare. Eyes 
large with well-separated ocelli and prominent lenses. Palps with a row of about 


_ 5 short setae at the dorsal margin and about 8 at the ventral margin. Terminal 


seta as long as the palp. Labella of the labium slightly longer than the theca. A row 
of 5 minute spines at the posterior margin of the theca in each half. 

Thorax (Fig. 2a) slightly wider than long. Median sternal suture indistinct in 
the middle, widening in the anterior part towards the middle and then tapering to 
a point. Oblique sutures forming an angle of 90°. The spines of the sternal plate 
are smaller than in C’. sykesii and there is a bare stripe along the median suture in 
some specimens. The posterior margin of the sternal plate is bare except for a few 
short setae at the sides. Mesonotum wide. Only one notopleural seta. Haltere 
groove open, cover rudimentary, with a small anterior rounded process (Fig. 3c). 
Tibiae cylindrical, slightly compressed laterally, 5-5-5 times as long as wide, with 
3 oblique rings in the middle (Fig. 2). 

Abdomen, male (Figs. 34, 35). About 10 minute spines on tergite 1. The marginal 
rows of all tergites are continuous and consist of longer and shorter setae. The 
setae on tergites 5’ and 6 are longer than on the anterior tergites. The surface is 
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covered with short spines in the posterior half of tergite 1+2 and on tergite 3. 
There is an irregular double row on tergite 4 and tergites 5 and 6 are bare. In some 
specimens a few setae in the middle of tergite 5. Tergites 5 and 6 are shorter than 
the anterior tergites, but not as short as in C. sykesii. Anal segment long, conical, 
with moderately long setae on the dorsal surface except on a median stripe which 

















Figs. 34, 35. Cyclopodia greeffi. Fig. 34. Male, abdomen dorsal. Fig. 35. Male, 
abdomen, sternite 5 and genital area. 


widens anteriorly. Sternite 1+2 rectangular, with a ctenidium of 40-44 thick, 
blunt teeth. One or two rows of very short spines along the anterior margin in the 
middle and longer, upright setae at the sides. 2 or 3 rows of longer spines along the 
posterior margin, mainly in the middle. Sternites 3 and 4 with marginal rows of 
short setae. Surface of sternite 3 covered with short spines anteriorly in the middle, 
and short setae laterally and posteriorly. There is a premarginal row of upright 
setae at both sides of the surface. Sternite 4 similar, but the short spines in the 
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middle of the surface are absent. Sternite 5 longer than 4, with a convex hind- 
margin which bears a row of 6-10 spines in the middle (only 4 in one specimen). 
These spines are not club-shaped, and are longer and thinner than in C. sykesiv. 
Short setae lateral to the group of spines. Surface with a premarginal row of 
upright setae at both sides and one or two similar rows at the sides. 

Genitalia (Figs. 4, 35). Claspers long and slender, tapering to a long, pigmented 
point, 6-5 times as long as thick at the base. A long and 2 shorter setae dorsally 





Fig. 36. Cyclopodia greeffi: female, abdomen, dorsal. a, genital plate. 


near the base and a double row of short setae and short spines on the dorsal sur- 
face. Phallobase with a long, slender hook and 2 groups of 5 to 6 thin setae on the 
base. Basal are with a long conical anterior process and a posterior concavity. 
Parameres narrowly triangular with rounded posterior end which bears a few 
minute hairs. Aedeagus rod long (1-2 mm.), tapering to a fine point. The rod 
articulates basally with a short U-shaped sclerite which forms a frame around 
the distal end of the connecting tube. The field of spines covers only about half 
of the length of the rod and the spines are shorter than in C. sykesii and not 
pigmented. 

Abdomen, female (Figs. 36, 37). Tergite 1 +2 large, triangular with slightly con- 

18 Parasit. 49 
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cave posterior margin which bears a row of setae which are much longer laterally, 
Short setae among the longer ones in the middle. The surface of tergite 1 +2 jg 
covered with short spines in the middle of the posterior part and longer spines 
posteriorly and laterally. Dorsum covered with short spines which are very small 
anteriorly in the middle and become longer posteriorly. The posterior part of the 
dorsum is covered with a rectangular group of very long setae, about 70-80 in 
7-8 rows. The posterior row reaches further laterally than the anterior ones. The 





Figs. 37, 38. Fig. 37. Cyclopodia greeffi: female, abdomen, lateral. 
Fig. 38. Parameres of male. a, C. greeffi; b, C. greeffi arabica. 


last 3 rows in front of the group of setae consist of very long and thick spines. The 
pleurae are covered with short spines anteriorly and short setae posteriorly. 
Between the group of long setae and the anal segment the abdomen is bare. The 
spiracles are small, about half the diameter of those of C. sykesii. The anal segment 
is short, truncate, with 2 rows of long setae around the anus. 

The shape of the abdomen in distended specimens is truncate posteriorly, not 
ovoid as in most species of the sykesii group. It appears nearly square in dorsal 
view. The ventral surface is more or less convex, but the dorsal surface is bent, 
the anterior and posterior halves standing at right angles to each other, so that the 
abdomen appears triangular in profile. The long setae stand on the posterior half 
of the dorsum (Fig. 37). 
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Sternite 1+2 as in the male, but longer. Ventral surface covered with short 
spines. 3 or 4 long setae in the marginal row of sternite 3 on each side. The rows 
of spines on sternite 6 are shorter than on the preceding sternites and do not reach 
the sides. The genital plate is formed by a transversely elliptical field of spines on 
sclerotized bases which is incompletely divided in the middle. The posterior 
margin is more strongly sclerotized and bears a curved row of about 15 long, blunt 
spines in each half. There are about 100 spines on the plate in 6-8 rows. The bases 
of the spines are fused in the median anterior part of the field. A few short spines 
on the median ventral corners of the anal sclerites which are covered by the genital 
plate. 

Distribution and hosts. Details of the material examined (about 250 specimens), 
localities and hosts have been given in a previous paper (1957). C. greeffi has been 
found in a belt across Central Africa, between 10° lat. south and north. In West 
Africa it occurs farther to the north, nearly up to 20° lat. north. Its main host is 
Eidolon helvuum which occurs throughout Africa from south of the Sahara to 
South Africa. Only a few specimens were found on Rousettus angolensis and Epo- 
mophorus sp. 


(13a) Cyclopodia greeffi arabica Theodor, 1954 


This subspecies resembles C.. greeffi in most respects. In the female, the group of 
long setae on the dorsum of the abdomen consists of only 35-50 setae in 5—6 rows. 
The group of spines on the genital plate consists of about 65 spines in 5—6 rows. In 
the male the only difference noted is in the shape of the parameres which have a 
pointed distal end (Fig. 38). 

Distribution and hosts. Sourn East Arapia: Yemen, Ta’izz; Aden, Lahej, 
Eidolon sabaeum (Yerbury, Hoogstraal). 


(14) Cyclopodia dubia (Westwood) 1835 


Length 3-5-4 mm. Colour brown. 

Head. Vertex and anterior margin bare. A row of short setae on the anterior 
ventral margin with a longer seta posteriorly. Eyes markedly smaller than in 
C. greeffi and ocelli less deeply separated. Labella of labium 1-5 times as long as the 
theca. 

Thorax slightly wider than long, rounded anteriorly. Thoracic ctenidia with 
about 16 thick, blunt spines. One notopleural seta. Median ventral suture in- 
distinct in the middle. Oblique sutures forming an angle of 95°. Haltere groove 
open. Legs rather short, with 3 oblique rings in the middle of the tibiae. 

Abdomen, male (Fig. 39). Tergite 1 with about 10 minute spines. All tergites 
with continuous marginal rows of longer and shorter upright setae. The setae are 
longer on the posterior tergites. Surface of tergite 1+2 with 2-3 rows of short 
spines in the posterior part. Tergites 3-6 bare. Tergites 5 and 6 much shorter than 
4. Anal segment long, nearly cylindrical, covered dorsally with upright setae 
except in a median stripe. Sternite 1+2 trapezoid, short, with a ctenidium of 
about 40 blunt teeth, 3-4 rows of short spines in the posterior half of the surface 
and 1-2 rows of very small spines along the anterior margin. Sternites 3 and 4 
18-2 
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with marginal rows of longer and shorter setae. There are 4 rows of short spines in 
the middle and longer setae at the sides of the surface of sternite 3. Sternite 4 
similar, but there are only 1-2 rows in the middle and the setae of the premargina] 
row are longer. Sternite 5 not much longer than 4. A row of 15-20 long, thick, but 
not club-shaped spines in the middle of the hindmargin and long setae laterally. 
There is a premarginal row of very long, upright setae with a wide gap in the middle 





—_—_—_—_— 
02mm. 


Figs. 39-41. Cyclopodia dubia. Fig. 39. Male, sternite 5 and genital area. Fig. 40. Male, 
genitalia. a, extended; b, basal arc and phallo-base; pa., paramere. Other letters as in Fig. 4. 
Fig. 41. Female, genital plate and anal segment. 


opposite the spines and a row of short setae in the middle of the surface, also with 
a gap in the middle. 

Genitalia (Fig. 40). Claspers thick and short, straight, with rounded, pigmented 
tips, which bear a group of strong spines. There are 3 long setae dorsally near the 
base and a few short setae on the dorsal surface. There is a rounded process at the 
anterior ventral margin of the anal segment opposite the tips of the claspers. 
Basal are Y-shaped, with a long, blunt anterior process and a deep posterior con- 
cavity. Basal plate strip-like, curved. Phallobase short, with a deep concavity 
anteriorly and a short, thick hook. Two groups of 5-6 setae at the base. Parameres 
elliptical with a few short hairs. The basal bulb of the connecting tube is covered 
with scale-like teeth dorsally and posteriorly. The field of spines is about as long as 
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the aedeagus rod. Aedeagus rod short, thick (0-5 mm.) with a semicircular 
basal sclerite. The rod is bifid distally and forms a partial frame around the 
gonopore. 

Abdomen, female (Figs. 41, 42). The abdomen appears rectangular in dorsal view 
in distended specimens and is flattened dorsoventrally to some extent. The dorsal 
angle characteristic for C. greeffi is absent. Tergite 1 +2 has a marginal row which 


0-5 mm. 





Fig. 42. Cyclopodia dubia: female, abdomen, dorsal. 


consists of longer setae laterally and shorter setae in the middle. 3-4 rows of short 
spines in the posterior part of the surface. Dorsum of the abdomen with minute 
spines in a broad median stripe and with larger spines at the sides of the dorsum 
and at the pleurae. There are 2—3 rows of still larger spines at the posterior margin 
of the spinose area. There are 2-3 rows of setae at the posterior part of the pleurae, 
between spiracle 5 and 6 and between 6 and 7. Anal segment very short, con- 
sisting of a narrow strip dorsally on each side. These strips widen ventrally into 
rectangular plates which are covered with short spines. Anteriorly the plates 
dissolve into separate bases for the spines. A row of setae surrounds the anal frame. 
Spiracles small as in C. greeffi. Sternite 1+2 as in the male but longer. Ventral 
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surface uniformly covered with short spines, so that the limits of the segments are 
searcely discernible. There are about 12 rows of short spines on sternite 3 and 
2 long upright setae in the middle of the posterior row of the surface. Sternites 4 
and 5 much shorter, with only 2 or 3 rows of short spines and 4 long vertical 
setae in the marginal row or in the posterior row of the surface. Sternite 6 
concave posteriorly with only 2 or 3 rows of short spines. Genital plate small, 
triangular, with 6-10 long spines posteriorly. These spines are as long as, or 
longer than, the plate. A few spines on sclerotized bases stand closely to the 
plate anteriorly. 

There are 2 triangular, darkly pigmented spots at the anterior margin of the 
pleurae, just behind the posterior margin of tergite 1+ 2 and sternite 1 + 2, where 
the inner surface of femur 3 touches the abdomen. In cleared preparations under 
high magnification these spots show a reticulate structure. Nothing like it has 
been observed in other species of Nycteribiidae. 

Distribution and hosts. Madagascar, mainly on Eidolon dupreanum. Exact 
data of the material examined have been given in a previous paper (Theodor, 1957). 


TENUIS GROUP 
(15) Cyclopodia tenuis Schuurmans Stekhoven & Hardenberg, 1938 


Only the male was described by Schuurmans Stekhoven. The female is here 
described for the first time. 

Length 2-2-5 mm. Colour yellowish. 

Head. Vertex bare, 2 short setae at the anterior dorsal margin. Eyes with 
deeply separated ocelli with small lenses. A row of 6-8 short setae along the an- 
terior ventral margin. Genae bare. Palps with broadly rounded apical end and 
short terminal setae. A single seta at the dorsal edge near the tip and one or two 
short setae near the base. About 6 short setae at the ventral edge. Labella of 
labium as long as the theca. 4 minute spines at the posterior margin of the theca 
in each half. 

Thorax (Fig. 43) as long as wide, rounded and much narrower anteriorly between 
the ctenidia which have about 15 blunt teeth. Median ventral suture indistinct 
in the middle. Oblique sutures forming an angle of about 80°. Sternal plate covered 
with rather long spines and minute hairs among them. Only such minute hairs 
anterior to the oblique sutures between the ctenidia. Posterior margin of the 
sternal plate bare, only 3 short setae stand close to the margin at the sides. 
1 or 2 notopleural setae. Haltere groove open. The sclerite connecting the thoracic 
ctenidium with coxa 2 is narrowly triangular and has a single row of short setae 
anteriorly and 2-3 rows posteriorly. Anterior coxae very long, three-fifths of the 
length of the front femur. Legs rather short. Tibiae 1 slightly shorter than femur]. 
Tibial rings in the middle of the tibia. Tibia 4 times as long as wide, slightly com- 
pressed laterally. 

Abdomen, male (Figs. 44, 45). Tergite 1+ 2 triangular. A group of 8-10 spines on 
tergite 1 which are much longer than in other species of the group. A continuous 
marginal row of widely spaced short setae at the posterior margin. Only a few 
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Fig. 44. Male, abdomen, dorsal. 


Figs. 43-46. Cyclopodia tenuis. Fig. 43. Thorax, dorsal. 
Fig. 45. Male, abdomen, sternite 5 and genital area. Fig. 46. Male genitalia of: a, Cyclo 


podia tenuis; b, C. solomonarum sp.nov.; c, C.(?) inflatipes; d, C. truncata sp.nov. 
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short spines at the sides of the surface, near spiracle 2. Tergites 3 and 4 with similar 
marginal rows, bare on the surface except for 1 or 2 short spines at the sides near 
the spiracles. Tergites 5 and 6 very short, with similar marginal rows and bare on 
the surface. Anal segment long and broad, conical, covered with short setae 
except in a median stripe. Sternite 1 +2 trapezoid, with a ctenidium of 45 teeth, 
Surface covered with longer spines posteriorly and much shorter spines anteriorly, 
Sternites 3 and 4 with marginal rows of short setae, surface of sternite 3 wholly 





Figs. 47-49. Fig. 47. Cyclopodia tenuis: female, abdomen, dorsal. a, genital plate. Fig. 48. 
C.(?) inflatipes: female, abdomen. a, tergite 2, and b, anal segment and genital plate. Fig. 49. 
C. truncata sp.nov.: male, abdomen, sternite 5. 


covered with short spines which are longer posteriorly. Such spines only on the 
posterior two-thirds of the surface of sternite 4. Sternite 5 not longer than 4, with 
convex posterior margin which bears 8 short, club-shaped spines in the middle and 
a row of fine setae behind them. Short setae at the lateral parts of the posterior 
margin and some short spines in the lateral posterior parts of the surface. 
Gemtalia (Fig. 46a). Claspers straight, tapering to a pigmented tip, about 
5 times as long as wide at the base. A long and several short setae dorsally near 
the base and some minute spines near the tip. Basal arc triangular, with pointed 
anterior process. Phallobase triangular, with a narrow, rather long apical hook. 
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4 V-shaped row of 8 setae at the base. Parameres narrowly elliptical, with 
3 minute hairs. Aedeagus rod very short and thin (0-33 mm.), simple, widening 
dightly towards the tip. The field of spines of the connecting tube consists of long 
pigmented spines and is longer than the aedeagus rod. 

Abdomen, female (Fig. 47). Tergite 1 + 2 asinthe male, with concave hindmargin. 
The lateral setae of the marginal row are longer and stand wider apart than the 
median ones. A few short spines in the lateral part of the surface and a few along 
the hindmargin in the middle. The dorsum of the abdomen is covered with short 
gines anteriorly and laterally. A transverse row of longer spines in the posterior 
part of the dorsum. The posterior row of the spinose area has 4-5 setae in the middle 
ghich are longer than the rest. Anal segment very short, rounded, with a row of 
long setae around the anal frame and a few short spines on the surface of the 
slerites. Sternite 1+2 as in the male. Venter covered with short spines which 
stand more closely anteriorly. There are no long setae indicating the limits of 
segments but narrow bare spaces between some of the sternites in the very dis- 
tended specimen examined. Genital plate square, consisting of two sclerites which 
are covered with short spines and a narrow membranous stripe between them. A 
row of 5 to 7 longer, thin spines at the posterior margin in each half. A few small 
spines at the ventral median corners of the anal sclerites. 

Distribution and hosts. Java. Types from Tulung Agung. Moluccas. 

Material examined. Java, Macroglossus minimus, 1 3: West Java, Megaderma 
spasma trifolium, 192 (Balston & Shortridge); Yilolo, Halmahera, Moluccas, 
Macroglossus minimus, 12; M. minimus does not occur in the Moluccas according 
to Laurie and Hill (1954) and the species concerned is probably M. lagophilus. 


(16) Cyclopodia (?) inflatipes Speiser, 1901 

This species was described from a single female from New Guinea. The descrip- 
tion would fit any species of the tenuis group. The following description is based 
on specimens from New Guinea, which are provisionally considered as belonging 
to this species. 

Length 2-2-5 mm. Colour yellowish brown. 

Head. Vertex bare, two short setae at the anterior dorsal margin, close to the 
eves. Eyes with deeply separated ocelli. 6—8 short setae at the anterior ventral 
margin. Genae bare. Palpi with a short terminal seta and 4-5 short setae on the 
ventral and dorsal margin. Labella of labium as long as the theca. 4 minute 


» spines at the posterior margin of the theca in each half. 


Thorax. Very similar to that of C. tenuis. Slightly wider than long. 3 noto- 


| pleural setae. Legs as in C. tenwis. 


Abdomen, male. Very similar to that of C. tenuis, except that there are a few 
scattered short setae in the middle of the surface of tergites 2-4 and the group of 
minute hairs on tergite 1 consists of 10-15 very short hairs. Sternite 5 more con- 
vex posteriorly than in C. tenuis and the short setae on the surface are more 
humerous. 

Genitalia (Fig. 46c). Basal are broad, with long anterior process. Phallobase 
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with a short apical process and a V-shaped row of about 10 setae on the base. 
Aedeagus rod longer than in C’. tenuis (0-45 mm.). Field of spines of the connecting 
membrane longer than the rod, consisting of unpigmented spines. Parameres 
triangular, with 3 short setae. 

Abdomen, female (Fig. 48). Very much as in C’. tenuis The short setae on the sur. 
face of tergite 2 are more numerous and the marginal setae are more widely spaced 
in the middle of the row. The posterior row of long setae on the dorsum is more 
widely spaced with a gap in the middle. Genital plate with 2 lateral sclerites which 
are wider anteriorly and are covered with short thin spines. Only 3 to 4 such 
spines at the posterior margin in each half. 

Material examined. NEw GUINEA: Papua, Mt Dayman, Maneau Range, 3 3,19 
(Van Deusen). 

This species is very closely related to C’. tenuis and this may eventually prove 
a subspecies of it. 


(17) Cyclopodia truncata sp.nov. 


Length 3 mm. Colour yellowish. 

Head as in C. tenuis. Vertex bare, 2 setae at the anterior dorsal margin. A row 
of about 10 short setae at the anterior ventral margin. Palps broadly rounded 
anteriorly with a row of 7-8 short setae at the ventral and dorsal margin. Terminal 
seta short. Labella of labium as long as the theca. 7-8 minute spines at the 
posterior margin of the theca in each half. 

Thorax slightly wider than long, as in C. tenuis. Angle of oblique sutures 90°. 
Haltere groove open. One notopleural seta. Legs short, as in C. tenuis. Front 
coxae two-thirds the length of the front femur. 

Abdomen, male (Fig. 49). Only 4 minute spines on tergite 1. Marginal rows of 
tergites 2-4 continuous, uniform, consisting of short setae and some short spines. 
Posterior lateral part of the surface of tergite 2 covered with short spines, about 
30 on each side and a few in the middle near the marginal row. Tergites 3 and 4 
with 10-15 short spines on the lateral part of the surface. Tergites 5 and 6 very 
short, bare on the surface and with marginal rows of setae which are longer than on 
the anterior tergites. Anal segment as in C. tenuis. Sternite 5 longer than 4, with 
a truncate, broad process arising from the middle of the surface, which bears a row 
of 8 short club-shaped spines and some thin setae between them. There are moder- 
ately long setae at the lateral parts of the posterior margin and some spines in the 
posterior lateral part of the surface. 

Genitalia (Fig. 46d). Basal arc triangular with broadly rounded anterior process. 
Claspers thick, 4 times as long as broad at the base. Phallobase triangular, with a 
short, pointed apical hook. A double, irregular, V-shaped row of about 15 setae 
at the base. Aedeagus rod simple, thin, 0-6 mm. long. Field of spines of the 
connecting tube not pigmented, longer than the rod. Parameres elliptical, with 
2 minute hairs. 

Female unknown. 

Material examined. Mioko Island near Duke of York Island, New Britain, 
Melonycteris melanops. 1 3 (type) (British Museum, Nat. Hist.). 
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(18) Cyclopodia solomonarum sp.nov. 


Length 2-5 mm. Colour yellowish. 

Head. A row of 5-8 short setae near the anterior dorsal margin, 2-3 of them on 
the margin. Palps as in C’. truncata with short terminal seta and marginal rows of 
i-7 short setae, but longer and tapering towards the tip. A row of about 6 short 
tae at the anterior ventral margin. Labella of labium as long as the theca. A row 
of 4-5 minute spines at the posterior margin of the theca in each half. 

Thorax slightly longer than wide, similar to that of C. tenuis. Angle of oblique 
sutures about 80°. 3 notopleural setae. Haltere groove open. Legs as in C. tenuis. 
Front coxae cone-shaped, very long, three-quarters the length of the front femur. 

Abdomen, male. 10 minute spines on tergite 1. Tergite 2 with a marginal row of 
3to 4 longer setae at the lateral corners and short spines in the middle. The pos- 
terior half of the surface is covered with short spines and some longer setae in the 
anterior lateral part. Tergites 3 and 4 with similar marginal rows. (Most of the 
stae in the middle missing.) 2-3 rows of short spines in the middle of the surface. 
Tergites 5 and 6 very short, bare on the surface, with uniform, continuous marginal 
rows of longer setae than on tergites 3 and 4. Anal segment very broad, conical, 
covered with short setae in the posterior lateral parts, heavily sclerotized, darker 
brown than the rest of the abdomen. Sternite 1+ 2 with a ctenidium of 42 teeth. 
Surface covered with short spines posteriorly and laterally. These spines are longest 
inthe anterior lateral corners. The anterior median part of the surface bears 2 rows 
of very short spines. Sternites 3 and 4 with dense, uniform marginal rows of 
moderately long setae and short spines on the surface. Sternite 5 slightly longer 
than 4, with a convex posterior margin which has 8 short club-shaped spines in the 
middle and moderately long setae laterally. There is a similar premarginal row 
and some short spines on the lateral posterior parts of the surface. 

Genitalia (Fig. 466). Claspers heavily sclerotized, tapering to a blunt point. 
4times as long as broad at the base. Basal arc triangular, broad, with a broadly 
rounded anterior process. Phallobase with a long slender hook and a V-shaped 
row of 6 setae at the base. Parameres triangular, with 3-4 minute hairs. Aedeagus 
rod 0-33 mm. long, with a basal knob, widening and bifid apically. Field of spines of 
the connecting tube not pigmented, longer than the rod. 

Abdomen, female. The posterior part of the abdomen of the only available speci- 
men is damaged and not all details could be made out. Tergite 1 + 2 triangular with 
1-2 longer setae at the lateral posterior corners and short spines in the middle of 
the posterior margin which are not longer than those of the dorsum. 4-5 rows of 
short spines on the posterior part of the surface. Some of them on the anterior 
lateral parts longer. Dorsum of the abdomen covered with short spines which are 
longer posteriorly in the middle Anal segment very short, with a row of short 
setae around the anal frame. Genital plate consisting of 2 lateral sclerites which 
are covered with short spines. 4-6 shorter and longer thin spines at the posterior 
margin in each half. 

Material examined. Yandina, Russell Island, Solomon Islands, Pteropus sp., 1 3, 
19 (Lever), types (British Museum, Nat. Hist.). 
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Subgenus Leptocyclopodia n.subg. 
Type species: C'yclopodia ferrarii (Rondani), 1878 

Diagnosis. Slender insects with long and narrow anal segment in the male 
Palps slender, tapering with a long terminal seta. Eyes with ocelli more or leg 
deeply separated (Fig. 50 B). The sclerite connecting the thoracic ctenidium with 
coxa 2 bears a single row of spines. Haltere groove open. Postspiracular sclerite 
with or without short spines. Abdominal tergites of the male with continuous roys 
of setae. Tergite 5 as long as, or longer than, tergite 4. No rows of specialized spines 
at the hindmargin of sternite 5 of the male. 





Fig. 50. Cyclopodia ferrarii. A, thorax, dorsal. B, eyes of species of the subgenus Lepto- 
cyclopodia. a, C. ferrarii; b, C. ferrarii from Ceylon; ec, C. ferrarii palawanensis subsp.nov. ; 4, 
C. brachythrinax; e, C. simulans; f, C. macrura, 


Male genitalia: claspers with an armature of spines or specialized setae in some 
species, without them in others. Aedeagus wholly or partly sclerotized, with an 
apodeme. Phallobase bifid in some species, with or without an armature of spines 
dorsally. Segmentation of the female abdomen less reduced than in the typical 
subgenus. Rows of setae may be present at the posterior margin of some segments 
on dorsum and venter. Sclerites present on tergite 6 and on sternites 5-7 or 6-7. 
Sternite 7 not transformed into a genital plate. Anal sclerite present or not. 


(19) Cyclopodia ferrarii (Rondani) 1878 

The species has been re-described by Scott (1914) and Schuurmans Stekhoven 
& Hardenberg (1938). 

Length 2-5 mm. Colour yellowish brown. 

Head. 2 setae at the anterior dorsal margin. Vertex bare. 4—5 short spines and 
1 longer seta at the anterior ventral margin. A few short spines on the genae. 
Eyes large, with incompletely separated ocelli and shallow lenses. Palps long 
and slender, flattened laterally, with long terminal seta and 3-4 setae at the 
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dorsal margin which become longer towards the tip. 2-3 setae at the ventral 
margin and 1 seta in the middle of the outer surface. Labella of labium as long as 
the theca. 4 minute spines at the posterior margin of the theca in each half. 

Thorax (Fig. 50A). Slightly longer than wide. It resembles the thorax of the 
nuis group. Angle of oblique sutures about 80°. Thoracic ctenidium with about 
13 teeth. The sclerite connecting the ctenidium with coxa 2 consists of 2 narrow 
strips, the ventral strip bearing a single row of short spines. The posterior margin 
of the sternal plate is bare except for a few short spines near the margin at the 
sides. The sternal plate is covered with short spines except anteriorly between the 
ctenidia where the spines are minute. Haltere groove open. 3 or 4 short noto- 
pleural setae in a row. Front coxae very long and slender, about two-thirds of the 
length of the femur. Front tibia as long as the femur, 5-5 times as long as wide. 
$rings close together in the middle of the tibia. Tibia 2 broader, 4-5 times as long 
as wide. Length of legs 2-7-2-8 mm. Metatarsus 1 very long (0-85 mm.); meta- 
tarsus 3 shorter (0-65 mm.). 

Abdomen, male (Figs. 51,52). Postspiracular sclerite without spines. Tergite 1 + 2 
triangular with convex posterior margin. Spiracle 1 lying inside the sclerite. 
2 groups of 6-7 minute spines on tergite 1. The marginal row of tergite 2 consists 
of widely spaced, thick setae of moderate length which have a spiral structure. 
A premarginal row of about 4 short setae in the middle. Tergite 3 incompletely 
divided in some specimens. Tergites 3 and 4 with similar continuous marginal 
rows as tergite 2. 1-3 rows of short setae on the surface. Tergite 5 longer than 4, 
with a marginal row of shorter, vertically standing setae and 2-3 rows of short 
setae. Tergite 6 shorter and narrower than 4, with a similar marginal row as 5 and 
bare on the surface. Anal segment very long and slender, slightly tapering towards 
the end, 2-5-3 times as long as wide at the base in alcohol specimens. Anterior 
margin of the dorsal surface deeply concave. 2 long and 2 shorter setae near the 
end on the dorsal surface and 2 setae at the sides. A row of short setae at the 
posterior margin. Dorsal surface otherwise bare. Sternite 1+2 short, with a 
ctenidium of about 30 thick blunt teeth. There are 2 rows of short spines on the 
posterior part of the surface and some smaller spines anteriorly at the sides. 
Sternites 3 and 4 with slightly concave hindmargins and uniform marginal rows 
of thick setae which stand more closely at the sides. Surface covered with short 
setae. Sternite 5 trapezoid, as long as 3 and 4 together, with a row of long setae 
at the posterior margin which are shorter and thinner in the middle. The row of 
spines at the hindmargin which is characteristic for the subgenus Cyclopodia is 
absent. Surface covered with short spines anteriorly and longer setae posteriorly 
except for a bare area in the middle posteriorly in some specimens. 

Genitalia (Figs. 53a-c). Claspers long and slender, parallel sided in the basal 
three-quarters and tapering to a short blunt tip in the apical quarter. A row of 
minute spines in the apical half and a long and 2-3 short setae near the base on 
the dorsal surface. A row of about 8-10 short thick spines in the apical quarter of 
the ventral surface. These spines are thick and curved near the tip and become 
gradually longer and thinner towards the base. Several rows of minute spines on 
the ventral surface. Basal arc triangular. Basal plate very long and narrow, wider 
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anteriorly, with a deep concavity anteriorly. Phallobase triangular with a bifid 
slightly hooked tip and an irregular double row of spines along the outer margins 
up to the apical quarter. The parameres form the ventral part of the phallobage, 
They are not mobile and have a posterior process with curved spines. They haye 
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Figs. 51-54. Cyclopodia ferrarii. Fig. 51. Male, abdomen, dorsal. Fig. 52. Male, abdomen, 
ventral. a,clasper, ventral. Fig. 53. Male genitalia. a, dorsal, aedeagus retracted; 6, dorsai, 
aedeagus extended; c, lateral, aedeagus extended. ¢, tendon from paramere to aedeagus. 
Fig. 54. Female, abdomen, dorsal. 


small spines on the surface and a deep ventral concavity. The aedeagus is membra- 
nous in its greater part and is sclerotized in 2 lateral, curved arms which are able to 
spread sideways. They widen anteriorly and bear there some teeth ventrally which 
are directed backwards. The aedeagus is invaginated anteriorly in the resting 
position and acts apparently in a similar manner as the endophallus of Hucampst- 








poda w 
the phi 
origina 
aedeag 

Abde 


are lon 


Fi 


abdom 
the pos 
tergite 
elliptic 
bare. . 
and 2 r 
in the | 
two-th 
sclerite 
the mie 
long se 






v bifid, 
argins 
obase, 
y have 





omen, 
lorsai, 
2agUs. 


abra- 
ole to 
yhich 
sting 








A revision of the genus Cyclopodia (Nycteribiidae, Diptera) 287 


4 when extended and inflated. It can be protruded for a short distance from 
the phallobase. This is restricted by a tendon covered with minute teeth which 
originates at the posterior part of the paramere and is inserted at the base of the 
aedeagus. Apodeme long and slender with a narrow end-plate. 

Abdomen, female (Figs. 54, 55). Tergite 1+ 2 with a marginal row of setae which 
are longer than in the male and with a similar premarginal row. Dorsum of the 
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Figs. 55, 56. Fig. 55. Cyclopodia ferrarii: female, abdomen, ventral Fig. 56. C. 
ferrarii palawanensis subsp.nov.: female, abdomen, dorsal. 


abdomen covered with short spines. These are longer in some rows which may mark 
the posterior margin of the tergites. Such a row is best marked 3 rows anterior to 
tergite 6 and is probably the posterior margin of tergite 5. Tergite 6 is small, 
elliptical or triangular and bears 3-5 long setae at the posterior margin. Surface 
bare. Anal segment short, conical, with a row of long setae around the anal frame 
and 2 more premarginal long setae ventrally. Dorsal surface bare. Sternite 1 + 2 as 
inthe male. Venter covered with short spines on sclerotized bases in the anterior 
two-thirds which are longer posteriorly. Sternite 5 has 2 small crescent-shaped 
slerites which bear 2 long setae in each corner and 2 vertically standing setae in 
the middle of the hindmargin. Sternite 6 with 2 larger, triangular sclerites with a 
long seta at the lateral and median corners and 2 to 3 vertically standing setae on 
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the hindmargin. Sternite 7 consisting of two triangular sclerites which bear several] 
long setae posteriorly and 1 or 2 on the surface. Anal sclerite narrow, strip-like 
with 2 setae posteriorly. Sternite 7 functions as genital plate. 

Distribution and hosts. Java (type locality); India, Ceylon, Burma, Siam, 
Malaya, Borneo, Sumatra. (See map no. 1, p. 306). Mainly on species of the genus 
Cynopterus, a few stragglers on insectivorous bats. 


Material examined: 


Inp1A. Madras, Cynopterus sphinx, 1 3; Bellari, Megaderma lyra, 1 2; Calcutta, 
2 spec.; Dacca, Bengal, Cynopterus marginatus, 3 spec. (Traub); Bombay, 
C. sphinx, 5 spec. (Hiregaudar). 

Cryton. Urugala, C.P., 15 spec. (Major); Peradenyia, 2 spec. (Pearson); Cyno- 
pterus brachyotis ceylonensis, 3 spec. (Fryer); Gonagama, Kitulgala, C. brachyotis 
ceylonensis, 1 3 (Phillips); Matugama, Kalutara, C’. sphinx, 2 spec. (Phillips): 
Namunukala, C. brachyotis ceylonensis, 8 spec. (Phillips). 

Burma. Bhamo, 3 spec. (Fea); Kani, Lower Chindwin, 8 spec. (Aung Shwe). 

Siam. Bangkok, Cynopterus sphinx, 12 (Boden Kloss); Nakhon Pathom, Luang 
Lampaya, (’. brachyotis angulatus, 5 spec. (Elbel); Rat Buri, Ban Pong, Tapah, 
C. brach. angulatus, 2 spec. (Elbel); Kwan Don, Satul prov. Cynopterus sp. 
13 spec. (Sanborn). 

Mazaya. 8. Perak, Cynopterus brachyotis angulatus, 1 3 (Robson) ; Selangor prov., 
Ulu Langat, Kuala Lumpur, Kepong, Bukit Lagong Forest reserve. Cynopterus 
sp., C. horsfieldi, Chironax melanocephalus, Megaerops ecaudatus, Myotis muricola, 
45 spec. (Traub, British Scrub Typhus Research Unit). 

JAVA. Buitenzorg, Cynopterus sphinx, 10 spec. (Heurn); W. Java, C. horsfieldi, 
1 2 (Balston and Shortridge). 

Sumatra. Krapoh Deli, Bedagri, C. brachyotis angulatus, 1 3 (Kanneguger): 
Balighe, W. Sumatra, 2 spec. (Modigliani). 

Borneo: Mt Kinabalu, Ranau, Cynopterus sp. 1 3 (Traub); Billiton Island, 
C'. brachyotis, 1 2 (Abbott). 

Schuurmans Stekhoven & Hardenberg (1938) give a number of localities in Java, 
Sumatra and Simalur Island and the following additional species of hosts: Macro- 
glossus minimus, Rousettus amplexicaudatus and Pipistrellus abramus. 

Ceylon specimens differ in some details in the male genitalia from the typical 
form, but these differences are rather variable and more material from India is 
needed before a subspecies can be established. 


(19a) Cyclopodia ferrarii palawanensis subsp.nov. 


The subspecies differs from the typical form in the presence of rows of longer 
setae in the posterior rows of the segments on the dorsum of the female. Such rows 
are well marked in the marginal row of tergites 3 and 5 (Fig. 56). In the typical 
form the short spines of the dorsum are longer posteriorly and the marginal row 0! 
tergite 5 may consist of spines longer than those of the surroundings, but there ar 
no long setae. In the male, the phallobase and parameres are of different shape. 
The anterior hook of the phallobase is stouter and more strongly curved upwards 
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The parameres are longer and less strongly concave ventrally. The row of spines 
on the ventral surface of the claspers consists of 10-12 spines which are all 
thick and blunt, but become smaller towards the base. In the typical form the 
more basal spines are much thinner and more pointed than the apical ones 
(Fig. 57). 

Distribution and hosts. Puriierrnes: Palawan Island, Brooke’s point, Iwahig, 
Puerto Princessa; Busuanga and Culion Islands, north of Palawan Island, 
Cynopterus brachyotis luzoniensis, c. 115 spec. (Hoogstraal, Celestino, Werner), 
type series (Chicago Natural History Museum). 


— 
~ 





Fig. 57. Cyclopodia ferrarii: male, genitalia. a, claspers of specimen from Java; 6, of speci- 
men from Ceylon; ¢, of C. ferrarii palawanensis subsp.nov.; d, phallobase, lateral of specimen 
from Java; e. of specimen from Ceylon; f, of C. ferrarii palawanensis subsp.nov. 


(20) Cyclopodia obliqua sp.nov. 

Length 2-5 mm. Colour yellowish brown. 

Head. Vertex bare. 2 setae on the anterior dorsal margin. Eyes with 2 in- 
completely separated ocelli. A row of short seta along the anterior ventral margin 
and 2 premarginal rows on the genae. Palps with thick base and tapering towards 
the tip as in Eucampsipoda. They have a moderately long terminal seta and 
2 shorter setae close to it. There are 5 to 6 setae along the ventral margin and | to 
2near the base of the dorsal edge. Labella of labium about half as long as the 
theca. 3 to 4 minute spines at the posterior margin in each half. 

Thoraz as long as wide, triangular, narrow between the ctenidia which have about 
l5 slender, blunt teeth. Oblique sutures forming an angle of about 80°. 4-5 noto- 
pleural setae in a row. Legs shorter than in C. ferrarii (2-4-2-6 mm). 

Abdomen, male (Figs. 58, 59). Postspiracular sclerite with 1 to 3 short spines. 
Tergite 2 with a uniform marginal row of moderately long setae and a premarginal 
tow of about 15 short spines. Tergites 3 and 4 shorter than in C. ferrarii and with 
shorter and more numerous spines on the surface. Tergite 5 longer, its surface 
19 Parasit. 49 
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covered with short spines and with a marginal row of short setae and 2 long setae 
near the middle. Tergite 6 short and narrower than 5, without a marginal row and 
its surface covered with minute spines. Anal segment slender, conical, shorter 
than in C. ferrarii, its width at the base about two-thirds of its length. It has 
3 setae of moderate length laterally in the posterior half, a transverse row of 4 such 
setae a short distance before the hindmargin and a row of about 8 short setae at the 
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Figs. 58-62. Cyclopodia obliqua sp.nov. Fig. 58. Male, abdomen, dorsal. Fig. 59. Male, 
abdomen, sternite 5 and genital area. a, clasper, lateral. Fig. 60. Male, genitalia, lateral. 
a, paramere. Fig. 61. Female, abdomen, dorsal. Fig. 62. Female, abdomen, ventral. 


hindmargin. Abdominal ctenidium of 42 teeth. Sternite 5 narrower posteriorly, 
not much longer than 4, with concave hindmargin which carries a marginal row of 
short setae and a premarginal row of similar setae. There are about 4 rows of short 
setae on the surface. 

Genitalia (Fig. 60). Claspers slender, tapering to a blunt tip in the apical half. 
One long and 2 shorter setae dorsally near the base. A row of minute hairs on the 
outer edge and some minute spines near the tip. 2-3 rows of short spines in the 
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apical half of the dorsal surface. The row of spines on the ventral surface which is 
characteristic for C. ferrarit is absent. Basal arc triangular. Basal plate also tri- 
aigular but shorter and broader than in C. ferrarii. Phallobase with straight an- 
terior point, fused with the basal arc. It bears 2 setae at each side. Parameres 
broad, with two long apical processes with a deep concavity between them and 
gveral rows of minute hairs near the ventral edge. Aedeagus sclerotized ventrally 
in 2 pointed lateral ridges and dorsally. It is membranous anteriorly and may 
possibly become inflated when extended. 

Abdomen, female (Figs. 61, 62). Tergite 1 with 2 groups of 7 minute spines. 
Tergite 2 rounded posteriorly with a uniform marginal row of moderately long 
gtae and a premarginal double row of about 15 short spines in the middle. 
Dorsum covered with spines which are short anteriorly and much longer posteriorly. 
There are 4 long setae in the marginal row of tergite 5 near the middle. Tergite 6 
small, transversely elliptical, ill defined, carrying 2 long and 2 shorter setae. Anal 
segment very short, with 2-3 long setae posteriorly. Venter covered with short 
spines. There are 4 longer setae in the premarginal row of sternite 3 and 2 in the 
premarginal row of sternite 4. Sternite 5 curved, with 2 small, elliptical, obliquely 
standing sclerites which carry 2 rows of setae. Sternite 6 similar, but the sclerites 
are larger and stand nearer to the middle line. They bear a row of long setae in the 
middle and rows of shorter setae anteriorly and along the hindmargin. Sternite 7 
consisting of 2 elliptical sclerites with 5-7 long setae posteriorly and shorter setae 
anteriorly. Anal sclerite small, elliptical, with 6 short setae. 

Material examined. Matava: Kepong, Balionycteris maculata, 1 3, 12 (Traub), 
types (Chicago Natural History Museum). 


(21) Cyclopodia simulans sp.nov. 


Length 3mm. Colour yellowish brown. 

Head. Vertex bare. 2 long setae at the anterior dorsal margin. Eyes with in- 
completely separated ocelli, with large lenses on a common, shallow, pigmented 
base (Fig. 50B, e). Palps with a thick base, tapering towards the tip, with a mode- 
rately long terminal seta, and 4~5 short setae along the edges. Labella of labium 
slightly longer than the theca. 3 minute spines at the posterior margin of the theca 
in each half. 

Thorax slightly wider than long. 2 notopleural setae. Oblique sutures forming an 
angle of 90°. Otherwise very much as in C. ferrarit. Legs shorter than in C. fer- 
rari. Leg 1 = 2-2 mm., legs 2 and 3 = 2-4 mm. long. Metatarsi of all 3 legs of 
about equal length (0-55-0-58 mm.) (0-65-0-85 mm. in C. ferrarii). 

Abdomen, male (Fig. 63). Very similar to that of C. ferrarii. Postspiracular scle- 
rite without spines. There is a double row of about 18 short spines on the surface 


of tergite 2 near the marginal row. Anal segment slender, shorter than in C. fer- 
arn, tapering slightly, twice as long as wide at the base. Some short setae on the 
laieral posterior part of the dorsal surface, a transverse row of 4 longer setae a 


short distance before the hindmargin and a row of 8 short setae at the hind- 
margin, 
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Genitalia (Fig. 64). Claspers slender, tapering to a blunt point. A long and 
2 short setae dorsally near the base. A row of minute hairs along the outer edge 
and a row of short spines on the dorsal surface near the outer edge. The row of 
spines on the ventral surface which is characteristic for C. ferrarii is absent, 
Phallobase bifid at the tip, with upturned ends and a row of spines which ap 
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Figs. 63-67. Cyclopodia simulans sp.nov. Fig. 63. Male, abdomen, sternite 5 and genita 
area. Fig. 64. Male. genitalia, lateral. Fig. 65. C. brachythrinax sp.nov.: male, abdomen. 
dorsal. Fig. 66. Male, abdomen, sternite 5 and genital area. Fig. 67. Male. genitalia, lateral 
a, aedeagus, ventral. 


thicker anteriorly along the outer edge of the base. Basal arc triangular, fused 
with the phallobase. Parameres fused with the phallobase, with 2 rows of minute 
spines. Aedeagus wholly sclerotized, curved, tapering to a rounded point and with 
a small ventral tooth near the tip. Apodeme slender, as long as the aedeagus. 
Female unknown. 
Material examined. Puitierines: Todaya, Mindanao, Mt Apo, Ptenochirw 
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jagori, 2 33 (Alcasid), types (Chicago Natural History Museum). 
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This species resembles C. ferrarii closely in chaetotaxy and structure of the body 
but differs in the form of the claspers and the genitalia. 


(22) Cyclopodia brachythrinax sp.nov. 


Length 2-5 mm. Colour yellowish brown. 

Head. Vertex bare. 4 setae at the anterior dorsal margin. Eyes with incompletely 
divided ocelli on a common base, but more deeply divided than in Basilia 
(Fig. 50B,d). Palps with a moderately long terminal seta. 2 shorter setae near 
the tip, 1 in the middle of the dorsal surface and 4-5 at the ventral edge. A row 
of short setae along the anterior ventral margin of the head and 2-3 rows on the 
genae. Labella of the labium slightly longer than the theca. 3 minute spines at 
the posterior margin of the theca in each half. 

Thorax slightly wider than long, rounded anteriorly. Ctenidium with about 
16 blunt teeth. One longer and one shorter notopleural seta. Sternal plate covered 
with short spines. A dense row of short spines near the posterior margin with 
3longer and more widely spaced setae at each side. A patch of minute hairs near the 
posterior end of the oblique sutures and anteriorly between the ctenidia, but no 
such minute hairs scattered between the short spines. Legs short, as in C’. simulans 
(24-25 mm. long). All 3 legs of about equal length. 

Abdomen, male (Figs. 65, 66). Postspiracular sclerite with 1-2 short spines. 
2 groups of 7 minute spines on tergite 1. Tergite 2 with a marginal row of moder- 
ately long setae and a double premarginal row of short setae on the surface. Ter- 
gites 3-5 short, of about equal length, with marginal rows of moderately long setae 
and short setae on the surface. The lateral marginal setae of tergite 5 longer. 
Tergite 6 shorter and narrower, with a (?) similar marginal row (setae missing) 
and a transverse row of 4-5 short setae on the surface. Anal segment slender, 
tapering, slightly less than twice as long as wide at the base. Some short setae at 
the lateral posterior parts of the dorsal surface and a few short setae at the pos- 
terior margin. Sternite 1+2 with a ctenidium of 42 thick spines. 3-4 rows of 
short spines in the posterior part of the surface. Sternites 3-5 about equal, short. 
with moderately long marginal setae. Those of sternite 5 longer at the sides. Sur- 
face covered with short spines. 

Genitalia (Fig. 67). Claspers rudimentary, very short, with 2 longer setae at the 
tip and a few short spines further basally. A long seta dorsally near the base. 
Basal are triangular, with an apical knob. Phallobase also with apical knob and 
2setae at the sides. Aedeagus long, sclerotized ventrally and dorsally at the sides 
and membranous in the middle of the dorsal surface and at the sides. The ventral 
part is narrowly triangular in dorsal view with a wavy lateral outline. The dorsal 
ridges are more weakly sclerotized and end in 2 points. Apodeme as long as the 
aedeagus with a moderately broad end-plate. 

Female unknown. 

Material examined. Nortu Borneo: Mt Kinabalu, Paring rest house. 1 3, type. 
(Phang Ong Wah) (Chicago Natural History Museum). 
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(23) Cyclopodia macrura Speiser, 1901 


No further records of this species have been published since Speiser’s original 
description. 

Length: female 3-5-4 mm., male 4-5-5 mm. of which the anal segment is 1-25- 
1-5mm. Colour brown. 

Head. 4-5 setae at the anterior dorsal margin. Vertex bare. 5-6 short setae at 
the anterior ventral margin. 1 seta in the middle of the row is longer than the 
others. Genae bare. Eyes with deeply, but not completely separated ocelli with 
large prominent lenses (Fig. 50B, f). Palps long and slender, tapering towards the 
tip, with a long terminal seta and 4-5 setae at the dorsal and ventral margins which 
are longer towards the tip. A long seta in the middle of the external surface. Labella 
of the labium nearly twice as long as the theca. 3 minute spines at the posterior 
margin of the theca in each half. 

Thorax slightly wider than long. Angle of the oblique sutures about 90°. Area 
behind the oblique sutures covered with rather long spines. Anterior to the oblique 
sutures there is a row of shorter spines along the sutures and the area between the 
ctenidia is covered with minute hairs. There is a patch of such minute hairs also 
near the posterior end of the oblique sutures. Thoracic ctenidium with about 
12 very thick, blunt teeth. Haltere groove open. 2-3 notopleural setae. Legs long. 
Anterior coxae cone-shaped, two-thirds of the length of the femur. Tibiae cylind- 
rical, slightly compressed laterally, 5-6 times as long as wide. 3 rings in the middle 
of the tibiae, of which the apical ring is farther away from the middle one than the 
basal ring. Tarsi about as long as the tibiae. 

Abdomen, male (Figs. 68, 69). 2 groups of 3-4 minute spines each on tergite 1. 
Tergite 2 broadly rounded with a continuous marginal row of widely spaced, thick, 
moderately long setae. A premarginal row of short spines in the middle. Tergites 
3 and 4 with similar marginal rows and short spines on the surface. A few pre- 
marginal longer setae on tergite 4. Tergite 5 as long as 3 and 4 together, narrower 
posteriorly with a marginal row of longer setae and with longer setae in the pos- 
terior part and shorter ones in the anterior part of the surface. Tergite 6 very 
short, strip-like, with a concave posterior margin which bears 15—16 long setae. 
Surface with only 3-4 short setae or bare. Anal segment very long and slender, 
nearly cylindrical, about 3 times as long as wide at the base in mounted specimens, 
about 4 times as long in alcohol specimens. Dorsal surface bare, except for 2 long 
setae near the posterior margin and a few others near the sides in the posterior 
half. 2 long setae and a few shorter ones at the posterior margin and some shorter 
setae along the sides of the segment. Sternite 1+2 with a ctenidium of about 
30 blunt, thick teeth. Surface with 3-4 rows of long spines in the posterior and 
lateral parts. Sternites 3 and 4 with marginal rows of spines. Surface covered with 
short spines and a premarginal row of longer setae. Sternite 5 as long as 3 and 4 
together, narrowing posteriorly, with a deeply concave posterior margin which 
bears a row of setae which are longest in the middle. There is a V-shaped row of 
moderately long setae in the posterior part of the surface. The area inside the V is 
bare and the anterior lateral parts of the surface are covered with short spines. 








Genii 
two-thi 
of the 
become 


the ay 
in the 
tip al 
with 
rectal 
base 


in eat 








ae at 
n the 
with 
Is the 
vhich 
bella 
‘erior 


Area 
lique 
n the 
s also 
bout 
long. 
lind- 
iddle 
n the 


ite 1. 
hick, 
‘gites 


‘ower 
- pos- 
very 
etae. 
nder, 
nens, 
long 
erior 
orter 
bout 
- and 
with 


ind 4 
vhich 
yw of 
»V is 








A revision of the genus Cyclopodia (Nycteribiidae, Diptera) 295 


Genitalia (Fig. 70). Claspers fused at the base, nearly parallel sided in the basal 
two-thirds, widening in the apical third and tapering to a point. The lateral margin 
of the wide apical parts bears a row of about 8 long, blunt spines or setae which 
become gradually shorter towards the tip. The longest, basal seta stands at about 
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Figs. 68-70. Cyclopodia macrura. Fig. 68. Male, abdomen, dorsal. Fig. 69. Male, 
abdomen, ventral. Fig. 70. Male, genitalia, lateral. 


the apical quarter. 2 long and 4 short setae dorsally near the base and short setae 
in the basal half and along the sides. Some fine hairs at the lateral margin near the 
tip and a row of such hairs on the ventral surface also near the tip. Basal are 
with long, rounded anterior process, fused with the phallobase. Basal plate long, 
rectangular, with a deep anterior concavity and a short process posteriorly. Phallo- 
base triangular, bifid apically and terminating in 2 curved points which are 
directed upwards and inwards. There is a double row of about 8 long, thick spines 
ineach half of the phallobase which are longest near the tip. Aedeagus sclerotized 
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throughout, broad basally, tapering to a fine point, curved, with a deep indentation 
ventrally near the base. Apodeme slender, about as long as the aedeagus, with q 
narrow end-plate. 

Abdomen, female (Figs. 71, 72). Tergite 1 +2 longer than in the male and witha 
row of setae which are longer laterally at the posterior margin. There is a gap in 
the middle of the row. Surface bare except for a premarginal row of 6-8 short 
spines. Dorsum of the abdomen membranous with 3 groups of setae in each half 
which apparently indicate the posterior margins of the tergites. The hindmargin 
of tergite 3 is further marked by a fold of the integument which was considered by 
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Figs. 71, 72. Cyclopodia macrura. Fig. 71. Female, abdomen, dorsal. 
Fig. 72. Female, abdomen, ventral. 


Speiser as the hindmargin of the basal segment. The dorsum is covered with short 
spines except in some median areas between the groups of long setae. There are 
2 groups of 3-6 setae in one or 2 rows a short distance behind tergite 2 which mark 
the hindmargin of tergite 3. Two further groups of 6-8 setae in 2—3 rows in the 
middle of the dorsum at the hindmargin of tergite 4. The posterior margin of 
tergite 5 is indicated by a transverse row of very long setae laterally and shorter 
setae towards the middle. The long lateral setae are curved towards the anal seg- 
ment. There is a transverse row of long setae, which is interrupted in the middle, 
on the surface of tergite 5. Tergite 6 with a triangular sclerite in the middle 
which is bare and bears a row of long setae at the posterior margin. There are 
2-3 rows of long curved setae at the sides of the surface of the tergite in a specimen 
of the type series and only a single row in the specimen from Sumbawa. These 
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curved setae, together with the lateral marginal setae of sternite 5, form a thick 
brush. Anal segment short, truncate, with a curved row of long setae on the dorsal 
surface around the anal frame and a group of long setae at the ventral anal pro- 
cesses. Sternite 1+ 2 with a ctenidium of 35 teeth and short spines, mainly in the 
middle of the posterior part of the surface. Sternite 3 with 4-5 rows of short 
gines on the surface and a row of moderately long setae at the hindmargin. 4 long 
gtae in the middle of the premarginal row. Sternite 4 similar but there are 2 long 
gtae laterally in the marginal row. Sternite 5 with a marginal row of long setae 
and 2 rows of short setae on the surface. Sternite 6 with 2 small triangular sclerites 
in the middle which have a row of long setae posteriorly. A few long setae con- 
tinue these rows laterally in one specimen. A single row of short setae on the 
surface anterior to the sclerites. Sternite 7 with a square or trapezoid sclerite in 
the middle which bears 2 long setae in the middle of the marginal row and shorter 
setae laterally. A premarginal row of shorter setae. Anal sclerite triangular with 
2 long setae posteriorly and some short setae on the surface near them. 

The description of the female is based on a specimen of the type series and 2 speci- 
mens from other localities. There are a number of differences in the chaetotaxy 
of these specimens and it has to be left open for the moment whether these dif- 
ferences are within the range of variation of the species or perhaps of subspecific 
rank. 

Material examined. New Britain, Dobsonia peroni, | 3, 1 9, type series (Dahl); 
Sumpawa: Wawo, 19,1 3. New Gurnza, Bulolo, 1 2 (Rio). 


(24) Cyclopodia orthotricha sp.nov. 


This species is closely related to C. macrura, but differs in its smaller size and a 
number of chaetotactic characters. When more information about the variability 
and distribution of C. macrura is available, this species may have to be considered 
as a subspecies of C’. macrura. These specimens were determined as ‘a small form 
of C. macrura differing from the typical form in minute points of chaetotaxy’ by 
Scott and published by Thompson (1937). 

Description. Length of female, 3-3-5 mm. Male: 3-5 mm. of which the anal 
segment is 1 mm. 

Head as in C. macrura. The anterior ventral margin is more strongly curved than 
in C. macrura, forming nearly a right angle. Thorax and legs as in C’. macrura. 

Abdomen, male (Fig. 73, 74). Only the differences from C. macrura will be noted. 
The posterior spines of the groups on tergite 1 are much longer than the anterior 
ones and there are about 8 spines in each group. The setae on the tergites are more 
humerous. Tergite 6 is bare on the surface and has only 12 marginal setae as against 
\6in C. macrura. The anal segment is shorter, only twice as long as wide at the base 
in mounted specimens and 3 times as long in alcohol specimens. The claspers are 
wider near the tip and widen gradually from the base. The setae near the tip 
are shorter and have truncated tips. The basal seta stands at the apical third of the 
clasper. 

Abdomen, female (Figs. 75, 76). The chaetotaxy differs markedly from that of 
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C’. macrura. The whole dorsal surface is covered with spines without any median 
bare areas. The long setae are arranged in 3 transverse rows, indicating the pos. 
terior margins of the tergites. There are only 2-3 long setae in the marginal row of 
tergite 3 and 6 in the marginal row of tergite 4. The marginal row of tergite 5 

consists of long setae which extend across the abdomen on to the pleurae, but the 
lateral setae are straight, not curved as in C’. macrura. The median setae of the roy 
are as long as the lateral ones while in C. macrura the median setae are much 
shorter. The surface of tergite 6 is bare, except for a few short spines on the sclerite. 
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Figs. 73-76. Cyclopodia orthotricha sp.nov. Fig. 73. Male, abdomen, ventral. Fig. 74 
Male, genitalia, dorsal. Fig. 75. Female, abdomen, dorsal. Fig. 76. Female, abdomen, 
ventral. a, anal sclerite. 


The curved setae at the sides of tergite 6 which are characteristic for C. macrura 
are absent. The row of short setae on the surface of sternite 6 anterior to the scle- 
rites is also absent. Sternite 7 is triangular and has only a single irregular row of 
setae posteriorly and 2 additional setae at the corners instead of the 2 rows of 
C.. macrura. 

Material examined, Sotomon Isianps: Fatura, Isabel Island, Dobsonia inermis. 
2 3, 42 (Lever). Type series, British Museum (Nat. Hist.). 
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KEY TO THE SPECIES OF THE GENUS CYCLOPODIA 

Males of the species of the subgenus Cyclopodia have very few characters useful 
for identification. Particularly the males of the sykesii group are all very similar 
and difficult to distinguish. The males of C’. sykesii and C. horsfieldi are indistinguish- 
able by any character, including those of the genitalia. The aedeagus rod and the 
extent of the field of spines of the connecting tube are useful in some species 
(Fig. 77). They are clearly visible through the body wall in cleared preparations. 
The form of the phallobase and the arrangement of the setae on its base are also 
useful in some instances. In addition to this uniformity, the great variability of 
the species makes the chaetotactic characters even more unreliable. The form of the 
claspers and their thickness, i.e. the relation between the length and thickness at 
the base varies to such an extent that it is practically useless, except in a few 
instances. 


‘ 0-5 mm. 4 














Fig. 77. Genitalia of species of the sykesii group (semi-diagrammatic). The aedeagus rod, the 
distal border of the field of spines of the connecting membrane and the outline of the in- 
vaginated connecting membrane only are shown. a, Cyclopodia sykesii; b, C. albertisi; c, 
C. similis; d, C. oxycephala; e, C. bougainvillensis; f, C. ponapensis; g, C. inclita; h, teeth of 
the connecting membrane of C. australis; i, teeth of the connecting membrane of other species 
of the sykesii group. 


The females are easier to identify. The long setae on the abdomen give good 
characters for the separation of the species, but here again, the great variability 
of the species has to be taken into account. The form of the genital plate affords 
specific characters in some instances. 
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Males 


Anal segment broadly conical, less than twice as long as wide at the base. Tergites 
5 and 6 much shorter than 4. A row of thick, short spines at the hindmargin of 
sternite 5. Genitalia with a membranous aedeagus without apodeme. 

(Subgenus Cyclopodia s.str.) 2 


Anal segment slender, nearly cylindrical, twice as long as wide at the base or longer. 
Tergite 5 as long as, or longer than, 4. A row of spines at the hindmargin of sternite 5 
is absent. Aedeagus partly or wholly sclerotized and with an apodeme. 

(Subgenus Leptocyclopodia subg.nov.) 15 
Haltere groove completely closed by a cover. Marginal rows of some or all abdominal 
tergites interrupted in the middle. (Exception C. australis sp.nov.) Oriental and 
Pacific Region (Figs. 3a, 6). (sykesii group) 3 
Haltere groove either partly closed or open. Marginal rows of the abdominal tergites 
continuous (Figs. 36, c, 25, 34). 8 


Cover of the haltere groove attached along its whole length. Only marginal row of 
tergites 2 and 3 interrupted in the middle. Only 6 spines at the hindmargin of ster- 
nite 5. Vertex bare anteriorly, but with some setae in its posterior part (Figs. 20-22). 
Cyclopodia minor Speiser 
Cover of haltere groove attached only in its posterior third. Vertex with setae on the 
anterior part of the surface. 4 


Notopleural setae absent. Marginal rows of abdominal tergites consisting of short 
spines only on tergites 2 and 3, of a group of setae in the middle third on tergite 4 
and continuous rows on tergites 5 and 6. Only 8-10 hairs on the vertex between the 
eyes. Spines on the connecting membrane of the aedeagus short and triangular 
(Figs. 15, 77h). Cyclopodia australis sp.nov. 


Notopleural setae present. Marginal rows on abdominal tergites 2-6 broadly inter- 
rupted in the middle. Spines of connecting membrane of aedeagus long and narrow 
(Fig. 777). 5 
Vertex covered with setae except in a posterior narrow strip. Most setae at the 
posterior lateral corners of tergite 2 longer than half the length of the marginal setae 
of tergite 3. Hook of phallobase slender. 6 


Only the anterior half or less of the vertex covered with setae. Most setae at the 
posterior lateral corners of tergite 2 shorter. Hook of phallobase broad and short. 7 


Aedeagus rod 1-3—1-5 mm. long. Field of spines of the connecting tube as long as the 
rod. 20-30 minute spines on tergite 1, the posterior spines of the group much longer 
than the anterior ones (Fig. 77a). 

Cyclopodia sykesii Westwood, C. horsfieldi de Meijere 


Aedeagus rod 0-85 mm. long. Only 18-24 minute spines on tergite 1. The posterior 
ones not much longer than the anterior spines. Cyclopodia similis Speiser 


A triangular group of about 20—30 spines on the anterior half of the vertex. Aedeagus 
rod 0-72—0-85 mm. long. Field of spines of the connecting membrane as long as the rod 
or nearly so (Fig. 12). Cyclopodia albertisi Rondani, C. ponapensis sp.nov. 


Less than half the vertex covered with about 20-25 setae. Aedeagus rod 0:8 to 
0-9 mm. long, covered only in two-thirds or three-quarters of its length by the field 
of spines. Cyclopodia oxycephala Bigot, C. bougainvillensis sp.nov. 
Vertex as above, but with only 12-15 setae. Aedeagus rod 0-6-0-7 mm. long, covered 
only in half its length by the field of spines (Fig. 17). Cyclopodia inclita Falcoz 
Haltere groove partly closed by a flap which is attached to the notopleural suture 
along its whole length and by a large rounded bulge opposite. Eyes small (Fig. 30). 
(pembertoni group) 9 
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Haltere group open (Fig. 3c). 10 


_ Vertex and anterior margin bare. 2 notopleural setae. About 10 short, thick club- 


shaped spines on sternite 5. Claspers thick, 4 times as long as wide at the base. 
Cyclopodia pembertoni Scott 


A row of about 10 setae at the anterior dorsal margin of the head and a double row 
of about 16 short setae between the eyes. 7—8 notopleural setae in a group. Marginal 
rows of tergites 2—4 consisting of short spines, those of tergites 5 and 6 longer. A row 
of about 18 very long, truncate setae on sternite 5. Claspers slender, about 6 times as 
long as wide at the base. Hook of phallobase spatulate (Figs. 28-31). 
Cyclopodia macracantha sp.nov. 


Large species, 3-5-4-5 mm. long. Ethiopian Region and Madagascar. (greeffi group) 11 


Small species, 2-3 mm. long. Oriental and Pacific Region. (tenuis group) 12 


, 2setae at the anterior dorsal margin of the head. 8-10 short, thick spines on sternite 5. 


Claspers slender, 6-5 times as long as wide at the base. Aedeagus rod long (1-2 mm.), 
curved, tapering to a point. Hook of phallobase long. Ethiopian Region (Fig. 35). 
Cyclopodia greeffi Karsch 


Anterior dorsal margin of the head bare. About 20 spines at the hindmargin of ster- 

nite 5. Claspers thick and short, 3 times as long as wide at the base, with a group of 

spines at the rounded tip. Aedeagus rod short (0-5 mm.). Madagascar (Fig. 39). 
Cyclopodia dubia Westwood 


. Length 3mm. A truncate process with 8 short, club-shaped spines at the hindmargin 


of sternite 5. Aedeagus rod 0-6 mm. long. Phallobase with V-shaped double row of 
about 16 setae. Hook of phallobase short, pointed. Basal are triangular with 
rounded anterior process (Figs. 46d, 49). Cyclopodia truncata sp.nov. 


Length 2-2-5mm. Posterior margin of sternite 5 convex, but without truncate 
process. Aedeagus rod shorter, 0-33—0-45 mm. long. 13 


. Vertex with a row of about 8 short setae between the eyes some of which stand at 


the margin. About 12 minute spines on tergite 1. Tergite 2 with a marginal row of 
short setae laterally and short spines in the middle. Surface covered with short spines 
in the middle and short setae at the sides. Numerous short spines on the surface of 
tergites 3 and 4. Basal are broadly triangular with rounded anterior process. 
Aedeagus rod 0:33 mm. long. Phailobase with long hook and 6 setae at the base 
(Fig. 465). Cyclopodia solomonarum sp.nov. 


Only 2 setae at the anterior dorsal margin of the head, vertex bare. The marginal 
row of tergite 2 consists of short setae of uniform length. 14 


. About 10 rather long spines on tergite 1. Basal arc narrowly triangular, with 


pointed anterior process. Aedeagus rod 0-33 mm. long. Apical hook of phallobase 
long (Fig. 46a). Cyclopodia tenuis Schuurmans Stekhoven & Hardenberg 


10-15 minute spines on tergite 1. Basal arc very broad basally with rounded 
shoulders. Aedeagus rod 0-45 mm. long. Phallobase with short pointed apical pro- 
cess (Fig. 46c) Cyclopodia (?) inflatipes Speiser 


. Small species (2-5-3 mm.). Labella of labium as long as the theca or slightly longer or 


shorter. Claspers not fused at the base. 16 
Larger species (3-5-5 mm.). Labella of labium nearly twice as long as the theca. Clas- 
pers fused at the base, with triangular end which bears a row of long setae laterally. 
Aedeagus wholly sclerotized, curved, tapering to a point. 19 


. 4setae at the anterior dorsal margin of the head. Tergite 5 and sternite 5 not longer 


than 4. Claspers rudimentary, one quarter the length of the anal segment (Figs. 65- 
67). Cyclopodia brachythrinax sp.nov. 
2 setae at the anterior dorsal margin of the head. Tergite and sternite 5 markedly 
longer than 4. Claspers long and slender. 17 
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18. 


19. 


i) 





. Claspers with a row of thick spines on the ventral surface near the tip. Anal segment 


2-3 times as long as thick at the base. Aedeagus broad, membranous with 2 lateral 
sclerotized arms which bear teeth ventrally near the end (Figs. 50-53, 57). 
Cyclopodia ferrarii Rondanj 


Claspers without such a row of spines near the tip. Analsegment shorter. Aedeagus of 
different form. 18 


Aedeagus wholly sclerotized, curved, tapering to a rounded tip and with a ventral 
tooth. Tergite 6 with a marginal row of setae and bare on the surface. Philippines 
(Figs. 63, 64). Cyclopodia simulans sp.noy, 


Aedeagus sclerotized ventrally in 2 ridges and dorsally, membranous at the sides. 
Tergite 6 without marginal row of setae and covered with minute spines on the sur- 
face. Malaya (Figs. 58-60). Cyclopodia obliqua sp.nov. 
Length 4-5-5 mm. Anal segment 3-4 times as long as wide at the base. 7—8 minute 
spines of about equal length on tergite 1. Tergite 6 with 16 marginal setae. Claspers 
parallel-sided in the basal two-thirds. Basal seta of the apical row at the apical 
quarter of the clasper. Setae long, with blunt ends (Figs. 68-70). 

Cyclopodia macrura Speiser 
Length 3-5 mm. Anal segment shorter, only 2—3 times as long as wide at the base. 
The posterior spines of the group on tergite 1 much longer than the anterior ones, 
Tergite 6 with 12 marginal setae. Claspers widening gradually towards the tip. 
The basal seta of the apical row at the apical third of the clasper. Setae short, with 
truncated ends (Figs. 73-74). Cyclopodia orthotricha sp.nov. 


Females 


No sclerites on abdomen between tergite 1+2 and anal segment and between 
sternite 1+2 and genital plate. (Subgenus Cyclopodia s.str.) 2 


Tergite 6 and sternite 5-7 or 6-7 bearing sclerites. Sternite 7 not transformed into 


genital plate. (Subgenus Leptocyclopodia subg.nov.) 19 
Haltere groove completely closed by cover. Large species. Oriental and Pacific 

Region (Fig. 3a). (sykesii group) 3 
Haltere groove partly closed or open (Figs. 30, c,). 13 
Dorsum of abdomen covered with small spines on sclerotized bases only, without any 

groups of long setae or a field of large spines. 4 
Groups of long setae and of large spines on the dorsum of the abdomen. 5 


Some setae at the anterior dorsal margin of the head and 25-30 short setae on the 
anterior half of the vertex. Pleurae covered with minute spines. No longer setae 
on pleurae or venter. Genital plate broader than long, with about 10 spines at the 
posterior margin in each half and a broad membranous area between the lateral 
sclerites which bear small spines. Cover of the haltere groove attached in its posterior 
part only (Fig. 16). Cyclopodia oxycephala Bigot 


Some longer setae on the anterior part of the pleurae and a transverse row of longer 
setae which is interrupted in the middle on the venter. Head with setae only at the 
anterior dorsal margin and on the posterior half of the vertex. Haltere groove cover 
attached along its whole length. Genital plate oblong, with about 6 spines at the 
hindmargin in each half (Figs. 20-21). Cyclopodia minor Speiset 


Notopleural setae absent. Only 8-10 hairs on the vertex between the eyes. No group 
of large spines in the middle of the dorsum of the abdomen. 2 groups of 9-11 long 
setae each in the lateral posterior corners of the dorsum. Cyclopodia australis sp.nov. 


Notopleural setae present. 6 


A single group consisting of long setae only or consisting of long setae and spines on 
the dorsum of the abdomen. 

A group of large spines on a bare area in the anterior part of the dorsum and one or 
more groups of long setae on the posterior part of the dorsum. 
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. Asingle group of 20-30 long setae in transverse rows of 3-6 on the dorsum. In 


some specimens a few large spines in the anterior rows of the group, but no separate 
group of spines on a bare area. About 12-15 rows of minute spines anterior to the 
group of setae and 3-4 rows behind it (Fig. 19). Cyclopodia inclita Falcoz 


A smaller number of long setae in the dorsal group. 8 


. The dorsal group is oblong and consists of 5-6 very long and strong spines anteriorly 


and 8-10 long setae posteriorly (Fig. 24). Cyclopodia ponapensis sp.nov. 


The dorsal group consists of 10-15 setae only and is situated near the posterior border 
of the spinose area. There are about 20 rows of minute spines in front of it and 3-4 
behind it (Fig. 23). Cyclopodia bougainvillensis sp.nov. 


. The anterior group of spines is ill-defined and consists of 1-4 spines which are not 


much larger than some of the small spines surrounding. The group is not always in a 
bare area and is absent in some specimens (see no. 8). A group of 10-15 long setae near 
the posterior margin of the spinose area (Fig. 23). 

Cyclopodia bougainvillensis sp.nov. 


The anterior group consists of 2—6 large spines on a bare area. 10 


. Asingle, large group of long setae in the posterior part of the dorsum. No minute 


spines behind this group. Genital plate H-shaped. 11 


2 or 3 groups of long setae behind the anterior group of large spines. Genital plate 
without median bridge. 12 


. About 6 rows of very long setae in the posterior third of the dorsum. This group is 


separated from the anterior group of large spines by several rows of minute spines. 
Only short spines on the pleurae (Fig. 9). Cyclopodia sykesii Westwood 


Only 3—4 rows of long setae in the posterior third of the dorsum. This group extends 

anteriorly in a median stripe which may or may not reach the anterior field of large 

spines. A group of longer setae on the pleurae anterior to spiracle 4 (Fig. 10). 
Cyclopodia horsfieldi de Meijere 


. 2 groups of long setae, each consisting of 2—7 setae, at the lateral posterior corners of 


the dorsum between spiracles 5 and 6. Only minute spines between these groups and 
the anterior group of 2-6 large spines. Genital plate square, with a median mem- 
branous stripe which is narrower in the middle (Fig. 14). 

Cyclopodia albertisi Rondani 


3 groups of setae on the dorsum. The 2 groups of long setae at the lateral posterior 
corners of the dorsum consist of 6-10 setae in most specimens (only 3 in one specimen) 
and are connected by a row of 4-8 setae in front of the anal segment. (This row is 
absent in the above specimen with 3 setae laterally). The anterior field of large spines 
continues posteriorly in a group of 7-10 long setae which, however, is separated from 
the posterior groups by a broad area of minute spines (Fig. 11). 

Cyclopodia similis Speiser 


. Haltere groove partly closed by a flap which is attached to the notopleural suture 


along its whole length and a lateral, rounded bulge opposite. Eyes small. 14 


Haltere groove open. 15 


. Vertex bare. Abdomen very broad, trapezoid in dorsal view. Dorsum covered with 


spines anteriorly and setae posteriorly. Genital plate square, wholly sclerotized, with 
a long, curved horn at its base (Figs. 26, 27). Cyclopodia pembertoni Scott 


- About 10 setae at the anterior dorsal margin of the head. A crescent-shaped group 


of about 50 long setae in the middle of the dorsum. In some specimens the median 
setae may be replaced by very long and strong spines. A row of about 8 long setae 
in front of the anal segment. Genital plate shield shaped and covered with short 
spines (Figs. 32, 33). Cyclopodia macracantha sp.nov. 


. Large species (3-5-5 mm). Ethiopian and Madagascar region. Some long setae on 


the abdomen. (greeffi group) 16 
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— Smalispecies (2-3 mm.). Oriental and Pacific region. No long setae on the abdomen. 


(tenuis group) 17 


Anterior dorsal margin of the head bare. Dorsum of abdomen plane, covered with 
short spines which are minute in a broad median stripe and longer laterally and 
posteriorly in 2-3 rows. 2 groups of long setae, each consisting of 2 rows at the 
posterior border of the pleurae. Genital plate very small, triangular, with 6—8 spines 
which are longer than the plate. Madagascar (Figs. 41, 42). 

Cyclopodia dubia Westwood 


2 setae at the anterior dorsal margin of the head. Dorsum of abdomen forming a 
pronounced angle. Posterior part of dorsum covered with a dense group of 70-80 
very long setae. Anterior part of dorsum covered with short and long spines. Genital 
plate with a curved row of about 12 spines in each half of the posterior margin. Sur- 
face of the genital plate covered with about 100 short spines, some of them on 
isolated sclerotized bases. Ethiopian (Figs. 36, 37). Cyclopodia greeffi Karsch 


As above but only 35-50 long setae on the posterior part of the dorsum and only about 
65 spines on the surface of the genital plate. Arabia. 
Cyclopodia greeffi arabica Theodor 


5-8 short setae at the anterior dorsal margin of the head and between the eyes. 
Tergite 1+ 2 with a marginal row of 2 longer setae laterally and very short spines in 
the middle. Posterior part of the surface covered with 5—6 rows of short spines 
which are longer laterally. Cyclopodia solomonarum sp.nov. 


Only 2 setae at the anterior dorsal margin of the head. Marginal row of tergite 1+2 
with longer setae. Only 1—2 rows of short spines on the surface near the marginal 
row. 18 


The marginal row of tergite 1+2 consists of setae which are longer laterally and 
shorter and more closely standing in the middle. Posterior row of tergite 6 with some 
equally spaced, moderately long setae in the middle, in front of the anal segment 
(Fig. 47). Cyclopodia tenuis Schuurmans Stekhoven & Hardenberg 


The marginal row of tergite 1+2 consists of equally spaced setae which are not 
much shorter in the middle. Posterior row of tergite 6 with 4 long setae in the middle 
with a space between the 2 median setae (Fig. 48). Cyclopodia (?) inflatipes Speiser 


Small species (2-5 mm.). Dorsum of abdomen covered with short spines in most 
species. Sternites 5-7 with sclerites. 20 


Larger species (3-4 mm.). Several rows of long setae on the dorsum of the abdomen. 
Sternites 6 and 7 bearing sclerites. 21 


Tergite 1+2 nearly triangular, with a marginal row of 16-20 setae. Surface bare 
except for a premarginal row of 4-5 short spines. Sclerites on sternites 5 and 6 stand- 
ing at right angles, or nearly so, to the median line. Anal sclerite strip-like, with 
2 setae at the end (Figs. 54, 55). Cyclopodia ferrarii Rondani 


Tergite 1+ 2 elliptical, with a marginal row of 27 setae. A group of about 20 short 
spines in the middle of the posterior part of the surface. Sclerites on sternites 5 and 6 
standing obliquely, at an angle of about 45° to the median line. Anal sclerite 
elliptical with about 6 short setae (Figs. 61, 62). Cyclopodia obliqua sp.nov. 


Larger species (3-5-4 mm.). 3 groups of long setae, each divided into lateral halves 
and consisting of 2-3 rows, on the dorsum of the abdomen. The lateral setae of the 
posterior groups are very long and curved towards the anal segment. A row of short 
setae anterior to the sclerites on sternite 6. Sternite 7 with a double marginal row of 


long setae (Figs 71, 72). Cyclopodia macrura Speiset 


Smaller species (3-3-5 mm.). The 2 anterior groups of setae on the dorsum consist 
of single rows of moderately long setae. The posterior groups consist of a single row 
on the dorsum and of double rows on the pleurae. All setae are straight and not 
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curved against the anal segment. The row of short setae anterior to the sclerites on 
sternite 6 is absent. Sternite 7 with a marginal row which is single in the middle and 
double laterally (Figs. 75, 76). Cyclopodia orthotricha sp.nov. 
The females of Cyclopodia truncata sp.nov., C. simulans sp.nov. and C’. brachy- 
thrinax sp.nov. are unknown. 


DISTRIBUTION AND HOSTS 

Only a few species are known in sufficient numbers so that information about their 
distribution and hosts can be given. Species of Cyclopodia are mainly parasites 
of Pteropidae and show a more or less pronounced specificity. Thus Cyclopodia 
greeffi is a specific parasite of Hidolon helvum and there are only a few records from 
Rousettus angolensis and Epomophorus sp. Cyclopodia sykesii is mainly known from 
Pteropus giganteus and its subspecies. C’. horsfieldi has been recorded mainly from 
Pteropus vampyrus and its subspecies and from several other species in the Malay- 
sian region and in the Philippines. C’. albertisi has been recorded from 3 species of 
Pteropus in Australia and occurs on others in New Guinea and the Islands north 
and west of it. Several other species with restricted distribution occur on the 
species of Pteropus in their area as indicated in the descriptions. Cyclopodia 
pembertoni has so far been recorded from insectivorous bats only (Notopteris mac- 
donaldi), although pteropids occur in its area and are parasitized by C. inclita. If 
it should prove that C. pembertoni is a specific parasite of insectivorous bats, this 
would be the first exception from the rule that the species of Cyclopodia are para- 
sites of Pteropidae. 

Some species have a wide distribution. Cyclopodia sykesii occurs in India over 
most of the area of distribution of Pteropus giganteus except in north-west 
India. C'. horsfieldi occurs over most of the Malaysian region, together with Ptero- 
pus vampyrus, but there are no records from Indochina where P. vampyrus occurs. 
It also occurs in the Philippines on several other species of Pteropidae as indicated 
in the description (see map no. 1). Cyclopodia albertisi has been recorded from 
north-east Australia, New Guinea and some islands west of New Guinea. It has 
also been found in Palau Island in the Carolines. C. ferrarii has a wide distribu- 
tion, from southern India and Ceylon along the east coast of the Indian Peninsula 
to Burma, Malaya, Siam, Sumatra, Borneo, Java and to Palawan in the Philip- 
pines where it forms a separate subspecies. It is mainly a parasite of the genus 
Cynopterus and occurs more rarely on related genera (Chironax, Megaerops) and 
there are a few records of stragglers from insectivorous bats. Schuurmans Stek- 
hoven mentions, in addition, Macroglossus minimus and Rousettus amplexicau- 
datus as hosts. 

Cyclopodia greeffi has a particularly interesting distribution. It occurs in a belt 
across central Africa between 10° lat. south and 20° lat. north, while its specific 
host Eidolon helvum occurs over nearly the whole of Ethiopian Africa (see map 
no. 1, Theodor, 1957). 

Some of the Pacific species have a restricted distribution (Map no. 2). Cyclo- 
podia oxycephala is known only from the New Hebrides and New Caledonia and 
(. inclita from Fiji and Samoa. Several species are known from the type localities 
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Map No. 1. Distribution of Cyclopodia sykesii, C. horsfieldi and C. ferrarii in the 
Oriental Region. 
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Distribution of species of Cyclopodia in the Pacific region. 
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only. The distribution of some species will probably prove wider when more material 
will be available. This concerns particularly the area north of New Guinea where 
yery little collecting has been done. C. macrura is known from three localities, 
Sumbawa, New Guinea and New Britain, and a closely related species which may 
eventually prove to be a subspecies of C. macrura, C. orthotricha, occurs in the 
Solomon Islands. 

The centre of development of the genus seems to lie in the area including New 
Guinea, north-east Australia, the Bismarck Archipelago and the Solomon Islands. 
11 species occur in this area. Only 3 species occur farther east, in New Caledonia, 























Map. No. 3. Distribution of the family Pteropidae (broken line), after Eisentraut, and of the 
genus Cyclopodia (shaded area). 


the New Hebrides, the Fiji Islands and Samoa, which is also the eastern limit of 
the distribution of the Pteropidae. 7 species occur in the Oriental region of which 
only two enter the Indian Peninsula. Only 2 species occur in the Ethiopian region. 
The known distribution of the genus Cyclopodia thus coincides closely with that of 
the Pteropidae, except that it is more restricted towards the northern and southern 
limits of the area. This is particularly marked in the Ethiopian region where the 
Cyclopodias do not follow their hosts into the Middle East and into South Africa. 
(The record of C’. sykesii from Judaea is almost certainly due to an error in label- 
ling.) The same applies to Micronesia from where Pteropids are recorded much 
farther north than species of Cyclopodia (Map no. 3). 
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